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. SUMMARY SCHOTTKY TTL MEMORIES 


@ TTL PROM Data Manual Series 54S/74S 
@ SN54S330, SN54S331, SN74S330, SN74S331 : FPLA 
@ SN74S225: FIFO 


. MOS EPROMS 


@ TMS2708JL and TMS27LO8JL : 1024 x 8 Bit EPROM 
@ TMS2716JL : 2048 x 8 Bit EPROM 


. MOS ROMS 


@ TMS4700JL, NL : 1024 x8 Bit ROM 
@ TMS4710JL, NL : 1024 x 8 Bit Character Generator 
@® TMS4732JL, NL : 4096 x 8 Bit ROM 


. STATIC MOS RAMS 
TMS4033JL, NL, TMS4034JL, NL, TMS4035JL, NL : 1024 x 1 Bit RAM 
TMS4036JL, NL, TMS4036-1JL, NL, TMS4036-2JL, NL : 64 x 8 Bit RAM 
TMS4039JL, NL, TMS4039-1JL, NL, TMS4039-2JL, NL : 256 x 4 Bit RAM 
TMS4042JL, NL, TMS4042-1JL, NL, TMS4042-2JL, NL : 256 x 4 Bit RAM 
TMS4043JL, NL, TMS4043-1JL, NL, TMS4043-2JL, NL : 256 x 4 Bit RAM 


TMS4044, -45, -30, -25, -20, -15JL, NL : 4096 x 1 Bit RAM 
TMS4046, -45, -30, -25, -20, -15JL, NL : 4096 x 1 Bit RAM 
TMS4045, -45, -30, -25, -20, -15JL, NL : 1024 x 4 Bit RAM 
TMS4047, -45, -30, -25, -20, -15JL, NL : 1024 x 4 Bit RAM - 


. DYNAMIC MOS RAMS 
TMS4027-15, TMS4027-20, TMS4027-25JL, NL : 4096 x 1 Bit RAM 


TMS4051J5L, NL, TMS4051-1JL, NL : 4096 x 1 Bit RAM 


TMS4070JL, TMS4070-1JL, TMS4070-2JL 


6. MECHANICAL SPECIFICATIONS 


@® TTL Integrated Circuits Mechanica! Data 
@® MOS LS! Mechanical Data 


TMS4116-15JL, TMS4116-20JL, TMS4116-25JL : 16384 x 1 Bit RAM. 
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SUMMARY SCHOTTKY TTL MEMORIES 


FIELD PROGRAMMABLE READ-ONLY MEMORY (PROM) LINE SUMMARY (SEE PAGE > 


MASK-PROGRAMMED READ-ONLY MEMORY (ROM) LINE SUMMARY 


TYPICAL PERFORMANCE 
TYPE OF BIT SIZE 


TYPE NUMBER (PACKAGES) aGDAEZC POWER 
—55°C to 125°C 0° to 70°C OUTPUT(S) (ORGANIZATION) 
ACCESS TIME 


256 Bits 
SN5488A(J, W) SN7488A(J, N) Open-Collector 
(32 W x 8 B) 


1024 Bits 


(256 W x 4 B) 


2048 Bits 
(256 W x 8 B) 


READ/WRITE MEMORY (RAM) LINE SUMMARY 


sane 
een [orem | ee aL. (oe ee 
rT 
266 bit sm 
(266 W x 18) 7 a 
: a 

[40 

65 a 


OUTPUT 
CONFIGURATION 


BIT SIZE 
(ORGANIZATION) 


SNS54LS300A(J,W) | SN74LS300A(J, N) Open-Collector 
SN54LS302(J, W) SN74LS302(J, N) 


[560m 


| SN74S314A (J, N) (1024 W x 18) | 30ns_— 
SN74LS314(J, N) 
SN54S207(J) | SN74S207(J,N) 

SN54LS207(J) 1024 bits 75 ns 

; Three-State 

(256 W x 48) a0 
SN54LS208(J) 
SN74S400(J, N) 4096 bits 


FIRST-IN/FIRST-OUT (FIFO) MEMORY 


TYPICAL PERFORMANCE SEE 
DATA RATES FALL POWER PAGE 
INPUT ‘ OUTPUT THROUGH DISSIPATION | 


d-c to 10 MHz d-c to 10 MHz _ 215 ns 400 mW | 8 | 


Open-Collector 


BIT SIZE 
(ORGANIZATION) 


TYPE NUMBER 
(PACKAGES) 


SN74S225(J, N) cae 
nana é (16 W x 58) 
a en eo rie 


*Powered down 


TEXAS INSTRUMENTS 


SCHOTTKY! | SERIES 54S/74S 
PROMS PROGRAMMABLE READ-ONLY MEMORIES | 


@ Titanium-Tungsten (Ti-W) Fuse Links for e Full Decoding and Chip Select Simplify 
Fast, Low-Voltage, Reliable Programming System Design 3 
e All Schottky-Clamped PROM'’s Offer: e Applications Include: 
Fast Chip Select to Simplify System Decode Microprogramming/Firmware Loaders 
Choice of Three-State or Open-Collector Outputs Code Converters/Character Generators 
P-N-P Inputs for Reduced Loading on Translators/Emulators | 
System Buffers/Drivers Address Mapping/Look-Up Tables 


TYPICAL PERFORMANCE 


TYPE NUMBER (PACKAGES) BIT SIZE OUTPUT RODRESS SEWER 
55°C to 125°C 0°C to 70°C (ORGANIZATION) CONFIGURATION 
ACCESS TIME DISSIPATION 
64S188(J, W) SN74S188(J, N) 256 bits 
: 25 ns 400 mW 
SN54S288(J, W) SN74S288(J, N) (32 W x 8 B) three-state | 
SN54S287(J, W) SN74S287(J, N) 1024 bits three-state 
42 ns | 500 mw 


SN54S387(J, W) SN74S387(J5, N) (256 W x 4B) open-collector 
SN54S470(J) SN74S470(J, N) 2048 bits a 
(256 W x 8 B) ‘ 


50 mW 
SN54S471(J) SN74S471(J, N) three-state aes 
SN54S472(J) SN74S472(J, N) 4096 bits three-state 


55 ns | 600 mW 


SN54S473(J) SN74S473(J, N) (512 W x 8 B) 
SN54S474(J, W) SN74S474(J, N) 4096 bits three-state 


55 O mW 
SN548475(J, W) SN74S475(J, N) (512W-x 8 B) open-collector = | aia 


open-collector 


256 BITS 1024 BITS 2048 BITS 4095 BITS 4096 BITS 
(32 WORDS BY 8 BITS) (256 WORDS BY 4 BITS) (256 WORDS BY 8S BITS) (512 WORDS BY 8 BITS) (512 WORDS BY 8 BITS) 
‘$188, ‘S288 °S287, ‘S387 ‘$470, ‘S471 *S472, ‘S473 ‘S474, ‘S475 
po11 ADG 1 16 Vcc ADA 1 20 vec an 1 CI i fi da EE 
00 2 ADF 2¢ 1S AOH ADB 2 1 ADH ADS zat Pon aD 
DO 3 ADE 3¢ 14 $2 ADC 3 18 AOG ane oC] T3502 Nc 
DO 4 ADD 4c 13° St ADD 4 17, ADE ae i lee 
po 5 ADA 5c )12, p01 ADE 5 16 = S2 ak ee S99! = 
= H! eae 
D0 6 ADB 6. Siy DO 2 DO 1 6 8 31 anc 6]! Pig $3 
po ? : AOC 7 y10 00 3 D027 14 008 AN KK fee 
apa 7 o vent 
GNO 8 } GNO 8&. ‘9 004 003 8 13. 007 a! ne 
ADA aC |i ,, 217 DOB 
0049 12 006 4 is 
por 9c i} 216 00? 
GND 10 14 005 : if 
007 16 1 yee, 0O6 
0031" al “Sa 005 
GND >. 13 904 
€ Pin assignments for all of these memories are the same for all packages. — + 


description 


These monolithic TTL programmable read-only memories (PROM’s) feature titanium-tungsten (Ti-W) fuse links with 
each link designed to program in one millisecond or less. These PROM’s offer considerable flexibility for upgrading 
existing designs or improving new. designs as they feature full Schottky clamping for improved performance, 
low-current MOS-compatible p-n-p inputs, choice of bus-driving three-state or open-collector outputs, and improved 
chip-select access times. 


The high-complexity 2048- and 4096-bit 20-pin PROM’s can be used to significantly improve systern density for fixed 
memories as al! are offered in a dual-in-line package having pin-row spacings of 0.300 inch. 


REALE RTTEA TTR S FS TD LO EE PPI EEE SI R IL LOE a D 


TEXAS INSTRUMENTS __ integrated Schottky-Barrier_ diode. 


clamped transistor is patented by Texas 
Instruments. U. S. Petent Number 
3,463,975. 


SERIES 54S/74S 
PROGRAMMABLE READ-ONLY MEMORIES 


description (continued) 


Data can be electronically programmed, as desired, at any bit location in accordance with the programming procedure 
specified. All PROM’s, except the ‘S287 and ‘S387, are supplied with a low-logic-level output condition stored at each 
bit location. The programming procedure open-circuits Ti-W metal links, which reverses the stored logic level at selected 
locations. The procedure is irreversible; once altered, the output for that bit location is permanently programmed. 
Outputs never having been altered may later be programmed to supply the opposite output level. Operation of the unit 
within the recommended operating conditions will not alter the memory content. 


Active level(s) at the chip-select input(s) enables all of the outputs. An inactive level at any chip-select input causes all 
outputs to be off. 


The three-state output offers the convenience of an open-collector output with the speed of a totem-pole output; it can 
be bus-connected to other similar outputs yet it retains the fast rise time characteristic of the TTL totem-pole output. 
The open-collector output offers the capability of direct interface with a data line having a passive pull-up. 


schematics of inputs and outputs 7 
‘S188, ‘S287, ‘S288, ‘S387, ‘S470, _ ‘S188, ‘S387, ‘S287, ‘S288, 
‘SA71, ‘S472, ‘S473, ‘S474, ‘SA75 ‘S470, ‘S473, ‘S475 ‘S471, ‘S472, ‘S474 


EQUIVALENT OF 
EACH INPUT 


TYPICAL OF TYPICAL OF 
ALL OUTPUTS ALL OUTPUTS 


Ss 2 ¥CC 
58 (2 NOM 
OUTPUT aS 
~~ re 


Vier nese age 


; 2 OUTPUT 


Programming circuit not shown Programming circuit not shown 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage (see Note 1) By ity “eataihe: Meee ese ae BBN oe ee os tis ots ts, GTR weet tie Se, ee wate A GR he as ae ein “0 7V 
inputvoltage. .9s.<i¢s-u-% fe 4m he A bce ee A PR eS eee a a AS Be ek wo Ee ee oe OV 
Off-state output voltage 2 6) ww ee ee 8 V 
Operating free-air temperature range: SNS4S“Cireuints:. 3.33% 5 & & Ys we & oR SOR —55°C to 125°C 

SN7AS’ Cireults:. 4 4 2 2 Se 4 ee Ye Ge SS wo OC IO 10 
Storage temperature range. =. 4-4 eo wR OH ee we we ae Se —65°C to 150°C 


recommended conditions for programming 


Supply voltage, Vcc (see Note 1) 
Program pulse 
Input voltage 2 5 
Low level, Vii } 
Termination of all outputs except the one to be programmed ae i 
igure 1 


Duration of Vcc programming pulse Y (see Figure 2 and Note 3) 
Programming duty cycle 


T Absolute maximum ratings. 


NOTES: 1. Voltage values are with respect to network ground terminal. The supply-voltage rating does not apply during programming. 

2. The ‘S188, ‘S288, ‘S470, ‘S471, ‘S472, ‘S473, ‘S474, and ‘S475 are supplied with all bit locations containing a low logic level, and 
programming a bit changes the output of the bit to high logic level. The ‘S287 and ‘S387 are supplied with all bit outputs at a high 
logic level, and programming a bit changes it to a iow logic level. 

3. Programming is guaranteed if the pulse applied is 0.9 ms tong. 


TEXAS INSTRUMENTS 


SERIES 54S/74S 
PROGRAMMABLE READ-ONLY MEMORIES 


step-by-step programming procedure 
1. Apply steady-state supply voltage (Vcc = 5 V) and address the word to be programmed. 
2. Verify that the bit location needs to be programmed. If not, proceed to the next bit. 


3. If the bit requires programming, disable the outputs by applying a high-logic-level voltage to the chip-select 
input(s). 


4. Only one bit location is programmed at a time. Connect each output not being programmed to 5 V through 3.9 kS2 
and apply the voltage specified in the table to the output to be programmed. Maximum current out of the 
programming output supply during programming is 150 mA. 


5. Step Vcc to 10.5 V nominal. Maximum supply current required during programming is 750 mA. 


6. Apply a low-logic-level voltage to the chip-select input(s). This should occur between 10 us and 1 ms after Vcc has 
@ reached its 10.5-V level. See programming sequence of Figure 2. 
7 


. After the X pulse time (1 ms) is reached, a-high logic level is applied to the chip-select inputs to disable the 
outputs. 


8. Within 10 us to 1 ms after the chip-select input(s) reach a high logic level, Vcc should be stepped down to 5 V at 
which level verification can be accomplished. 


9. The chip-select input(s) may be taken to a low logic level (to permit program verification) 10 us or more after VCC 
reaches its steady-state value of 5 V. 


10. At a Y pulse duty cycle of 35% or less, repeat steps 1 through 8 for each output where it is desired to program a 
bit. 


NOTE: Only one programming attempt per bit is recommended. 


VERIFY le y fv EYP Al + 
Sv NEED TO VEHIFY PROGRAM 
REMOVE Voc TO 


PROGRAM 
oy REDUCE AVERAGE 
OUTPUT 4 ae Tee POWER 
10 us to lms he Nv toy tens 
1 fo x 1 ‘ 
. t =e Me 
LOAD CIRCUIT FOR EACH OUTPUT . | + | | Hi | 7 
ab 


NOT BEING PROGRAMMED OR FOR eee spd 
PROGRAM VERIFICATION Votw Volpe 
FIGURE 1 FIGURE 2—-VOLTAGE WAVEFORMS FOR PROGRAMMING 
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SERIES 54S/74S 
PROGRAMMABLE READ-ONLY MEMORIES WITH 3-STATE OUTPUTS 


recommended operating conditions 


°S287, ‘S471 ‘S288 ‘S472, ‘S474 
MIN NOM MAX | MIN NOM MAX {| MIN NOM MAX 


UIT Soak Series 54S 45 5 55145 5 55 

u voltage, 

pee ase oe Series 74S 475 5 5251475 5 525/475 5 5.25 
2 


UNIT 

5.5 

V 
Series 54S —2 

mA 
—6.5 -6.5 —6.5 

20 12 
bk 


High-level output current, IOyH 


Low-level output current, loc 


| snsass | s7as 
PARAMETER 


: MIN TYP? MAX | MIN TYPE MAX 


VOH High-level output voltage 
Vou ‘ 


Low-level output voltage . 


Off-state Output current, 
high-level voltage applied 
Off-state output current, 
low-level voltage applied 
Input current at maximum 
input voltage 

IH High-level input current 


We Low-level input current Voc = MAX, V,;=05V —250 


=39 = 100 
100 135 

Chip select(s) at OV, 80 110 

oA a Outputs open, 110155 
See Note 4 120.155 


~  ta(ag) (ns) tai §) (ns) tpxz (ns) 
Access time from Access time from Disable time from 
TYPE ; : ; 
chip select (enable time) high or low ler 


SN54S287 
SN74S287 
PSNBS 267 co cig ne dae 
SN54S288 ; and tie 
SN74S288 a(ad) anc ta(S) 
5 pF for tpxz; 
SN54S471 
R, = 3002; 
SN74S471 ; 
See Figure 4 
SN54S472, SN54S474 
SN74S472, SN748474 


TFor conditions shown as MIN or MA X, use the appropriate value specified under recommended operating conditions. 

FAI typical values are at Vec=5V, Ta = 25°C. 

§ Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

@An SN54S287 in the W package operating at free-air temperatures above 108°C requires a heat sink that provides a thermal! resistance from 
case-to-free-air, Racy, of not more than 42 C/W, 

NOTE 4: The typical values of i¢c shown are with all outputs low. 


TEXAS INSTRUMENTS 


SERIES 54S/74S 
PROGRAMMABLE READ-ONLY MEMORIES WITH OPEN-COLLECTOR OUTPUTS 


recommended operating conditions 


‘S387, ‘S470 ‘S473, ‘S475 

MIN NOM MAX|MiIN Nom max|o™!T 
: 

v 


5 
Low-level output current, Io. 
; . Series 54S —55 125 | —55 125@ | —55 125 
Operating free-air temperature, Ta 


2 


1OH High-level output current 


VOL Low-level output voltage 


I Input current at maximum input voltage 
lH High-level input current Vcc = MAX, 


Vcc = MAX, 

Chip select(s) at 0 V, 

Outputs open, 

See Note 4 ‘S473; ‘S475 


Icc Supply current 


switching characteristics over recommended ranges of TA and Vcc (unless otherwise noted) 


t (ns) 
ta(ad) (ns) ta(S) (ns) ianis 


; : Propagation delay time, 
Access time from Access time from : 
TEST CONDITIONS . ; low-to-high-level output 
address chip select (enable time) ; ; ; 
from chip select (disable time) 


v54S188 


N74S188 
SN54S387 Cy = 30pF, 
SN74S387 _ RL, = 300Q, 
SN54S470 RL2 = 600 2, 
SN74S470 See Figure 3 
SN54S473, SN54S475 
SN74S8473, SN74S475 


TFor conditions shown as MIN or MA X, use the appropriate value specified under recommended operating conditions. 

tall typical values are at Voc =5V, Ta = 25 C. 

@An SN54S387 in the W package operating at free-air temperatures above 108°C requires a heat sink that provides a thermal resistance from 
case-to-free-air, Raca, of not more than 42°C/W. 

NOTE 4: The typical values of [cc shown are with all outputs low. 


TEXAS INSTRUMENTS 


SERIES 54S/74S 
PROGRAMMABLE READ-ONLY MEMORIES 


PARAMETER MEASUREMENT INFORMATION 


Vcc 
Rey = 3002 CHIP S ae 
FROM OUTPUT SELECT e ay 
UNDER TEST INPUT(S) - Ww ; Nee es ss oy 


Cy * 30 oF Ri_2=6002 ADDRESS -—} Oe er ae PS OY 
(See Note B) a iNeuts { es roy - 
7 = tatS) OF tat) te—o tala) --—o bo——of- ala) a 

: rOV rSV 


I 
! { ' Vows 
OUTPUT 15sv THY 
— — oe V¢ 


LOAD CIRCUIT VOLTAGE WAVEFORMS 


NOTES: 
A. The input pulse generator has the following characteristics: cout = 50, PRR <1 MHz, t, € 2.5 ns, and t¢ < 2.5 ns. 
B. Cy. includes probe and jig capacitance. 
C. The pulse generator is connected to the input under test. The other inputs, memory content permitting, are connected so that the 
input will switch the output under test. 
FIGURE 3 — SWITCHING TIMES OF ’S188, ‘S470, ‘S387, ‘S473, AND ‘S475 
Vcc 
4 ADDRESS nn 3V 
$1 P : 
TEST ‘ gd > 4 
(See Note A) -—w ! , woe ew nO V 
POINT ' 
R,_ = 3002 re tala) hetaiaa)™ 
ee OUTPUT eat ' een 
OM OUTPUT (S1 and S2 closed) fo _ Vv 
UNDER TEST OL 
ACCESS TIME FROM ADORESS INPUTS 
Tks VOLTAGE WAVEFORMS 
CHIP 
SELECT 3Vv 
CL INPUTS ee 1.5 V 
0 4~-—- =e ov 
$2 (See Note B) 1 eta S) leer ‘ tpLz 
WAVEFORM 1 res i tae ~45V 
ea one S2 a see ae §) 
—~--V 
See Note C) ae l Ou 
->————— Ht, S$) | ' 
— WAVEFORM 2 i ~ticveu 
(S1 open, S2 closed, ; ; tos Vv 
Cy includes probe ana yg capacitance See Note C) tPHz won =Ov 


All ctrodes are 1N3UG4 


tPxZ = tPHZ OF (PLZ 


ACCESS (ENABLE) TIME AND DISABLE TIME FROM CHIP SELECT 
ECHO CINE NT VOLTAGE WAVEFORMS 


NOTES: A. When measuring access times from address inputs, the chip select input(s) is(are) low. 

. When measuring access and disable times from chip-select input(s), the addrass inputs are steady ‘state. 

C. Waveform 1 is for the output with internal conditions such that the output is low except when disabled. Waveform 2 is for the 
Output with internal conditions such that the output is high except when disabled. 

D. input waveforms are supplied by pulse generators having the foliowing characteristics: t, < 2.5 ns, ty < 2.5 ns, PRR < 1 MHz, 
and Zou = 50 22. 


@ 


FIGURE 4 — SWITCHING TIMES OF ‘S287, ‘S288, ‘S471, ‘S472, AND ‘S474 


TEXAS INSTRUMENTS 


TYPES SN54S330, SN54S331, SN74S330, SN74S331 
SCHOTTKYt EXPANDABLE 12-INPUT, 50-TERM 
TTL FIELD-PROGRAMMABLE LOGIC ARRAYS 


DECEMBER 1976 


@ Field-Programmable Logic Array SN54S330, SN54S331. . . JPACKAGE 
Organized 12-Inputs/50-Product SN74S330, SN74S331. . . JORNPACKAGE 


Terms/6-Outputs 


e@ Programmable Options Include: 
— Active High or Low Inputs/Outputs 
— Choice of Dedicated Enable Input or 
Automatic Enable by True Product 
Terms 


Number of Inputs, Outputs, and 
} Product Terms are Expandable 


e High Density 20-Pin Package 
e Full Schottky Clamping for High- 


FO Fi GNO 
Performance: INPUTS OUTPUTS 


— 35 ns Typical Data Delay Time "positive logic: See description and function tables. 
— 20 ns Typical Enable Time 


e Reliable TI-W Fuse Links for Fast, 
Low-Voltage Programming 


e Choice of 3-State (‘S330) or 2.5 kQ Passive-Pullup (‘S331) Outputs 


description 


These high-performance, Schottky-clamped 12-input, 6-output logic arrays can be field programmed to provide 50 
product terms derived from the 12 inputs and sum the 50 products onto 6-output lines. They feature a programmable 
option which permits the FPLA outputs to be automatically enabled by a true product term or,to dedicate during 
programming, input (L/OE) to serve as an output enable (OE). Either option makes the FPLA expandable with respect 
to product terms. 


For every product term, 12 input variables can be programmed as high or low. Logic flexibility is further enhanced by 
the feature that the six outputs can be programmed individually to be active high or low. 


The SN54S/74S330 is implemented with bus-driving 3-state outputs and can be connected directly to similar outputs in 
a bus-organized system. The SN54S/74S331 is implemented with a 2.5 k{2 passive pull-up resistor on each output 
meaning that: 


a. The output can be combined with other similar or open-collector outputs to perform the logical wire-AND 
or a simple enable/disable function. 


b. The series SN74S‘ outputs are also rated to source 250 wA of current at VOH = 3.7 minimum for direct 
interface with MOS input thresholds. 


The TI-W fuse links, used in the ‘S330/‘S331, feature the same low-voltage programming characteristics and proven 
reliability which Texas Instruments PROM’s have demonstrated over a number of years. 
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—-AO--TOmmMoow p 


TYPES SN54S330, SN54S331, SN74S330, SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 
FIELD-PROGRAMMABLE LOGIC ARRAYS 


oa ts “ee FUNCTION 
coe ) Se Fp OUTPUTS 


ul 
oO, 
: i VJ ve 
Ti 
= 


Gi GcauuadddudaZaaualGGGs55550055 55055 


\ 


Fy = Fg, Fy, Fa, Fg, Fa, or Fg | 
(ABC..... LL) = 12 PROGRAMMABLE INPUTS (H = TRUE OR L = TRUE) FOR EACH OF 50 PRODUCT TERMS 


TEXAS INSTRUMENTS 


TYPES SN54S330, SN54S331, SN74S330, SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 


_FIELD-PROGRAMMABLE LOGIC ARRAYS 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


supply voltage; Veculsee Note T)) Yue fare. a Ge oe he ee Re Sw oe ee ee TV 
IIDCEVOILEGGS g- c.a. ii fae AG. eee et ae SS me: YR a We ee Aaa Ga ok ao A; Ge HR Ae me ee EV 
Off-state output voltage 2. wk kk ke ke ek ee ek ke (665 V 
Operating free-air temperature range: SN54S330,SN54S331.....~~.2. 2... . . . .-55°C to 125°C 

SN74S330, SN74S331.. 2. 2 6 ww we ee ew es OC to 70°C 
Storage temperature range. . . . . . 1. ee ee ee ee ee ee ek ew es) 64 =65°C to 150°C 


NOTE 1: Voltage values are with respect to network ground terminal, 


recommended operating conditions 


SN54S330, SN54S331 | SN74S330, SN74S331 UNIT 


| MiN NOM MAX | MIN NOM MAX | 
4.5 5 55! 4.75 5 §.25 

‘S330 (T-S aoe cr eae a 
'§331 (2.5 kM Pullup) LE 020.85 | 


Supply voltage, V 


High-level output current, IO 


Operating free-air temperature, Ta 


VOL Low-level output voltage 


Off-state output current, _ 
high-level voltage applied 
Off-state output current, 
O2L low-level voltage applied 
Input current at maximum 
Ny input voltage 
iy High-level input current 

IL Low-level input current 25 


Short-circuit output ‘S330 | 30-100 | -30_ 100 _ 
Vcc = 
los current $331 CC = MAX : i. 
| 'S330_ 
lec Supply current 19331! Vec = MAX, See Note 2 


TFor conditions shown as MIN or MA X, use the appropriate value specified under recommended operating conditions, 
FAI typical vaiues are at Vec=5V, Ta = 25°C. 
@: more than one output of the ‘S330 should be shorted at a time. 


TE 2: Icc is measured with all outputs open and all inputs grounded. 


switching characteristics, Vcc =5 V, Tp = 25°C 


PARAMETER | FROM | To | TEST CONDITIONS MIN TYP MAX 


Any input | Any output Se aeioe Puc 
= aoe ee 

——}_ Enable | Any output ae 

eae | ea 
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TYPES SN54S330, SN54S331, SN74S330, SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 
FIELD-PROGRAMMABLE LOGIC ARRAYS 


programming the FPLA 


The ‘S330 and ‘S331 are fabricated to include reliable low-voltage programmable Ti-W fuse links which have identical 
fusing characteristics with those used in TIl’s PROM’s. The conditions recommended for programming the FPLA are 
virtually identical to those used for TI’s PROM’s; however, the AND-OR combinational logic performed by an FPLA 
requires that sequential programming be employed which establishes the AND term including the data/enable L/OE 
input before the OR term. Programming the automatic enable feature active, the true/false logic level of the outputs, 
and the data/enable input (L/OE) can be accomplished before or after the AND and OR matrices are established. 


_recommended conditions for programming 


Supply voltage, Vcc (see Note 1) 8 88 
x2 
| _ms | 
| % 


Program pulse voltage, V(p,) (see Note 1) 10 10.5 ° 14% 
Vv 
Vv 
% 
°C 


Program pulse rise time 


High level, V 
ousiaoine Naa 


Sars |) See 
Low level, Viz a ee 


Free-air temperature 


T Absolute maximum ratings. 
NOTES: 1. Voltage values are with respect to the GND terminal. 
2. Programming is guaranteed if the pulse applied is 0.9ms long. Typically, programming occurs in 1 ms, 


programming the true/false logic level of the outputs 


The FPLA is supplied with internal conditions established such that when a programmed AND or AND input term is 
true the associated function output (Fy) will be at a high logic level voltage, VQH. 


Programming the output to provide a low logic level voltage (VOL) when the programmed input term is true can be 
accomplished by using AND/AND terms 50 through 55 shown in Table | and fusing the desired outputs using the step- 
by-step procedure. 


TABLE | — ADDRESSES FOR PROGRAMMING OUTPUT LEVELS AND ENABLES 


PROGRAMS 

Fe Fa F3 Fo Fy Fg ADDRESSED 

Output Fs true low 

Output Fq true low 

Output F3 true low 

Output F2 true low © 
Output F 1 true low 

Output Fo true low 


L/OE input into logical product term 
Automatic output enable active 


H H L 
H H H 
H H L 
H H H 
H H L 
H H H 
H H L 
H H H 


Programming can be verified before AND-OR programming by applying Vcc = 5 V and measuring VoL <0.5 V at the 
programmed output(s). After programming this test can be made by applying the input conditions which correspond 
to each term programmed to result in an active low-level output. 
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TYPES SN54S330, SN54S331, SN74S330, SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 
FIELD-PROGRAMMABLE LOGIC ARRAYS 


step-by-step programming procedure for outputs and enables 


1. Apply steady-state supply voltage (Vcc = 5 V) and disable the outputs by applying 10.5 volts to the 12 data 
inputs. See Figure 1. 


a Verify that the fuse link needs to be programmed. If not, proceed to the next term. 


oS. Only one fuse link is programmed at a time. Address the term to be programmed by applying Vjy and Vy, to the 
outputs in accordance with Table |. 


4, Step Vcc to 10.5 V nominal. Maximum supply current required during programming is 750 mA. 


5, After the Y pulse time (1 ms) is reached, Vcc should be stepped down to 5V at which level verification can be ac- 
& complished. 
6. The data inputs may be taken to logic levels (to permit program verification) 10 us or more after VCC reaches its 


steady-state value of 5 V. 


7. Ata Y pulse duty cycle of 35% or less, repeat steps 1 through 6 for each function to be programmed. 


NOTES 3: Vcc should be removed between program-pulses to reduce dissipation and chip temperatures. See Figure 1. 


ev of » —_____—+J 


REMOVE Vcc TO 105V 
REDUCE 
Vv —-- 5V 
ec AVERAGE 
POWER 
' 
; 105 V 
12 DATA | 
INPUTS L ss 
iL 


VERIFY NEED -e-—p HI-Z > 
TO PROGRAM { f oe oe ee ew ee oe ae ee = cf c----> Vi 
i] t 
oureus | ff Heine ADDRESS INPUT VE | Li 
eee = a boereatee Mn ee cee ee ee eee eee cee eee cae a me beeen Vi 
FIGURE 1 — OUTPUTS AND ENABLES PROGRAMMING SEQUENCE 


programming the L(en) input 
The L/OE input must be programmed either to function as a dedicated enable or to function as the 12th data input. 


If it is to become the 12th data input a single fuse, at term 569 (see Table |), should be programmed in accordance with 
steps 1 through 4 above; then, input L is programmed logically into each AND/AND product term. 


If input L/OE is to function as a dedicated output enable, term 562 is not fused: however, both AND/AND fuse links 
at each of the 50 product term addresses must be fused as outlined below creating a ‘‘don’t care” for input L. This 
causes the input to become an overriding output enable/disable for the package. 
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TYPES SN54S330, SN54S331. SN74S330, SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 
FIELD-PROGRAMMABLE LOGIC ARRAYS 


programming the automatic disable to be inactive 


The ‘S330 and ‘S331 are supplied with fuse links completing a circuit which automatically disables the six outputs (high- 
impedance (Z) for ‘S330, high (H) for ‘S331) for any product term which is purely ‘‘don’t care’’; i.e., not decoded by 
the AND matrix. Fusing one link inactivates the automatic output enabling circuit resulting in the six outputs being 
enabled for any input term, even “don’t care’’. 


The automatic disable fuse is programmed inactive by addressing term 575 (see Table !) and fusing in accordance with 
the step-by-step procedure above. 


programming the AND/AND product terms 


12 
DATA 
INPUTS 


Each of the 50 product terms are capable of being programmed to decode a 12-wide term consisting of any combin 
of active (true) high, active (true) low, or don’t care (H or L) input conditions at each of the 12 lines. This meen 
implemented by providing AND/NAND decode input gates each having a pair of associated fusible links which can be 
programmed to inactivate the unused decode level. Both decode levels can be removed resulting in a ‘‘don’t care”’ 

input. The equivalent logic diagram showing the fusible links is shown in Figure 2. 


- 60 
PRODUC 
TERMS 


A-B-L=0 A-B-L=1 B-L=49 
(A IS “DON’T CARE”) 
FIGURE 2 — EQUIVALENT LOGIC DIAGRAM OF FPLA PRODUCT TERMS 
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TYPES SN54S330, SN54S331, SN74S330, SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 
FIELD-PROGRAMMABLE LOGIC ARRAYS 


A particular pattern is assumed to have been programmed into the AND/AND fuse matrix with fused links opened at 


the locations marked with an ‘‘X"’. The resultant product terms are enumerated for the outputs of each product-term 
AND gate. 


Product terms programmed into the AND/AND matrix will be used to select the term for programming the OR 
(summing) matrix. Redundant product terms will select two sum terms in the OR matrix, and overlapping product 
terms may select two or more sum terms. Reliable programming can be accomplished if redundant product terms 
are avoided and overlapping product terms are made unique for programming. 


Redundant product terms are defined as being absolutely equal; i.e., ABCDEFG=ABCDEFG. Use of apparently redun- 
| dant terms is possible if the term does not use al! inputs as the remaining inputs can be utilized to create unique terms 
for programming purposes by expansion: 


Example: 


ABCDEFGH=ABCEDFGH 


After programming the OR matrix, the product terms can be readdressed and the H input can be programmed “don’t 
care”. 


Overlapping terms are defined as two or more product terms in which the lesser product term can be addressed as a 
result of the application of a larger product term. 


Examples: 


ABCDEFG This large product term 


AB DE G~ 


A CD F peers also addresses these small terms 


The small terms can be made unique for programming by simply expanding to non-redundant inputs. 


ABCDEFG «Large term 


oe Small terms made unique by expanding (one fuse link each) 


After programming the OR matrix, the product terms can be shortened by readdressing each and programming the 
added inputs to a “don’t care”. The AND/AND matrix is programmed one fuse at a time by addressing the term in 
eo with Table Il and fusing the input while applying the logic level desired to be active. See Figure 3. 


TABLE II - ADDRESSES FOR PROGRAMMING PRODUCT TERMS 


ADDRESS APPLIED TO OUTPUTS 


PRODUCT 
TERM 
ADDRESSED 
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TYPES SN54S330, SN54S331, SN74S330, SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 
FIELD-PROGRAMMABLE LOGIC ARRAYS 


step-by-step programming procedure for AND matrix 


1. Apply steady-state supply (Vcc = 5 V) and disable the outputs by applying 10.5 volts to the 12 data inputs. 
See Figure 3. 


2. Verify that the fuse link needs to be programmed. If not, proceed to the next term. 


3. Only one fuse link is programmed at a time. Address the term to be programmed by applying Vj} and Vy to the 
outputs in accordance with Table Il. 


4. Apply the level to be true at the input to be programmed. 
5. Step Vcc to 10.5 V nominal. Maximum supply current required during programming is 750 mA. & 


6. After the Y pulse time (1 ms) is reached, Vcc should be stepped down to 5 V at which level verification can be 
accomplished. 


7. The data inputs may be taken to logic levels (to permit program verification) 10 us or more after Vcc reaches its 
steady-state value of 5 V. 


8. At a Y pulse duty cycle of 35% or less, repeat steps 1 through 7 for each input to be programmed. 


NOTES: 4. Vcc should be removed between program-pulses to reduce dissipation and chip temperatures. See Figure 3. 

5. If the input just programmed is to be a ‘‘don't care” and is not being used to expand the product term repeat steps 4 and 5 with 
the opposite logic level applied to the input. Before changing the product term address, program all inputs (A through L/OE for 
this product term including all ‘‘don’t cares’’. 

6. !f input L/OE is to be used as a dedicated package enable it must be programmed as a ‘‘don’t care’ by fusing both links at each of 
the 50 product term locations. ; 


The OR (summing) matrix for each product term can be programmed immediately upon completion of the 12-wide 
AND/AND term associated with it; or, the entire AND/AND term matrix can be programmed for all 50 product terms 
before programming the summing matrix. 
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i 
bits ena tak ai ar ae 7 a, 
Z 6-LINE ADDRESS INPUT -—}----—--- -| 

eee VoH L om ane ene ae ame om oe om oe ee oo J REP ieee Mesa et ee ea eo 


Ae ek es ree Sega? ye ne aia V 


INPUT BEING { I 


i | 
PROGRAMMED Peed tne Stn eh Sa oe BP tite BS IE Be SN , t e ehe 
FIGURE 3 — AND MATRIX PRODUCT TERM PROGRAMMING SEQUENCE 
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TYPES SN54S330, SN54S331, SN74S330, SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 
FIELD-PROGRAMMABLE LOGIC ARRAYS 


programming the OR (summing) matrix 


Product term(s) programmed into the AND/AND matrix can now be selected to provide a true logic level output. The 
true logic level output at Fg through Fé will be high if the output polarity fuses are intact, or Fo through Fs will be 
low if the output polarity fuses have been programmed, or a combination of highs and lows if some of the output 
polarity fuses have been programmed. 


step-by-step programming procedure for OR matrix | 


Programming the OR matrix consists of fusing (one at a time) those outputs (Fg through F5) which are desired to be 
false in the addressed product term. The procedure is: 


NOTES: 


Apply steady-state supply voltage (Vcc = 5 V) and apply the unique product term. See Figure 4. 
Verify that the fuse link needs to be programmed. If not, proceed to the next fuse link. 


Only one fuse link is programmed at a time. Enable the term to be programmed by applying VO(pr) to the 
first output to be false in the product term. 


Step Vcc to 10.5 V nominal. Maximum supply current required during programming is 750 mA. 


After the Y pulse time (1 ms) is reached, Vcc should be stepped down to 5 V at which level verification can be 
accomplished. 


Program verification can occur 10 us or more after Vcc reaches its steady-state value of 5 V. 


Ata Y pulse duty cycle of 35% or less repeat steps 1 through 6 for each output to be programmed false for the 
active product term. 


- Vec should be removed between program pulses to reduce dissipation and chip temperatures. See Figure 1, 
. If product terms were expanded to make then unique for programming purposes the product terms can be addressed and the 


added inputs can be removed by programming them to a ‘‘don’t care” (fuse the remaining links). 


REMOVE Vcc 


TO REDUCE 
| VERIFY NEED TO 


~-—~ Vcc 


AVERAGE 
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PROGRAM PROGRAM >| 
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FIGURE 4 — OR TERM PROGRAMMING SEQUENCE 
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EXPAND 


‘'S330/'S331 


12 INPUTS 
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OVERLAP INPUTS 
AND OUTPUTS 1:1 


“B’ FOR THE REST. 


PRODUCT TERMS 


® CODE OUTPUT ENABLES TO 
ENABLE FPLA “A” FOR SOME 
INPUT PATTERNS AND FPLA 


TYPES SN54S330, SN54S331, SN74S330, SN74S331 
12-INPUT/6-OUTPUT EXPANDABLE FIELD-PPROGRAMMABLE LOGIC ARRAYS 
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OVERLAP INPUTS N:N 
AND OUTPUTS 1:1 


@ OVERLAP INPUTS BY N-BITS 


@ CODE OUTPUT ENABLES TO ENABLE 
FPLA “A” OR “‘B" AS APPROPRIATE. 


FIGURE 5 — EXPANDING THE ‘S330, ‘S331 FPLA 
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TYPES SN54S330, SN54S331, SN74S330, SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 
FIELD-PROGRAMMABLE LOGIC ARRAYS 


APPLICATIONS 


The FPLA is efficiently suited for generating the sum of product terms which are normally required to implement: 


Memory mapping/supplemental functions 
Random logic or function generators 
Sequential controllers 

Status decoders or result interpreters 


Priority encoders 


Ss In addition, the FPLA introduces an alternative approach to the implementation of some code converters, pattern 
generators, and look-up tables which have commonly utilized PROMs and/or ROMs. 


MEMORY CONTROL/SUPPLEMENTAL FUNCTIONS 


The FPLA is ideally suited for implementing a wide variety of functions with respect to the contro! and/or 
supplementing of system memory capabilities. Some are: 


Memory mapping 
Microprogram control 
Memory patch 

PROM extension 


The wide input capability of the ‘S330/’S331 FPLA makes it ideal for decoding either a current memory address or a 
variety of status lines and generate a unique system control function. 


MEMORY MAPPING/MICROPROGRAM CONTROL (See Figure 6) 


These similar control functions utilize FPLAs which decode the assigned (mapped) addresses to accomplish system 
memory management; and/or, the FPLAs decode the current system address/status and implement the hardwired jump, 
branch-to-subroutine, or starting address in the microprogram control memory. 


ASSIGNED OR 
STARTING 
ADDRESSES 


MEMORY 
ADDRESS 
REGISTER 


MEMORY 


FIGURE 6 — MEMORY MAPPING/MICROPROGRAM CONTROL 
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TYPES SN54S330, SN54S331, SN74S330, SN74S331 
EXPANDABLE 12-INPUT, 50-TERM 
FIELD-PROGRAMMABLE LOGIC ARRAYS 


MEMORY PATCH/PROM EXTENSION (See Figures 7 and 8) 


These supplemental functions are cost-effective solutions for enhancing or upgrading existing memory systems or 
designs. Either the patch or extension can be used to correct existing deficiencies, to prioritize improved control over 
existing functions, or to extend the existing capabilities. Priority and source select can be programmed into the FPLA. 


AODRESS 


MEMORY 


PATCH 
MEMORY 


FIGURE 7 — MEMORY PATCH FIGURE 8 — PROM EXTENSION 


DIGITAL SEQUENTIAL CONTROLLERS (See Figure 9) 


This broad category of functions range from simple stand-alone machine controllers to the microprogram sequencing of 
any size computer or machine. The identifiable common denominator being that a sequential controller decodes a 
Present state and generates the next state. Contrasted to a data processor or computer which generates information 
from operating on a word of data, the sequential controller generates information on a bit-by-bit basis. 


Sequences generated can range from simple counting schemes to arbitrary bit-by-bit generation of any unique output 
states. 


This application shows how the FPLA can simplify the implementation of a sequential controller. When the 
combinatorial logic of the FPLA is combined with the flexibility and synchronization of standard flip-flops i 
feed-back loop, the full capability to generate a next state functional directive can be decoded from the present x) 
the outputs of the flip flops (present state) in conjunction with the status inputs. . 


STATUS DECODERS/RESULT INTERPRETERS 


This broad category of functions, generally described as the elements which monitor the execution results of present 
instructions in sequential machines, can provide the decision-making hardware needed to both determine that the 
present operation is complete and simultaneously generate the next starting address or state. The actual configuration 
varies widely, but one popular method is to configure the FPLA similar to that shown for memory mapping. 
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STROBE/ 
CLOCK 


STATE 
GENERATOR 
OR 
PIPELINE 
REGISTER 


‘276 
OR 
$374 


FIGURE 9 — SEQUENTIAL CONTROLLER 


PRIORITY ENCODERS 


The unique properties of the FPLA’s capability to be programmed for decoding a number of product terms in virtaully 
any combination provides the user with the flexibility of identifying and implementing virtually any prioritized scheme. 
This option is normally available in any use shown for the ‘S330/‘S331. 


RANDOM LOGIC OR FUNCTION GENERATORS 


The ‘S330/‘S331 FPLAs provide the system designer with the options of reducing package count and/or system design 
time. Random gate logic can potentially be replaced at a package ratio of 12.5-to-1 up to 50-to-1 depending on the 
particular system needs. Function generators can be programmed directly into the FPLA from simple truth tables. In 
addition to reducing design and production start-up time, this technique can reduce the direct and indirect costs 
associated with logic and package minimization processes. 
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SCHOTTKY TYPE SN74S225 
TTL MEMORY 16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-OUT MEMORY 


SEPTEMBER 1976 


SN74S225 ...J OR NPACKAGE 


(TOP VIEW) 
e Independent Synchronous Inputs and Outputs 
e Organized as 16-Words of 5 Bits Vcc 
e DC to 10 MHz Data Rate CKB 
e 3-State Data Outputs CLR 
e 20-Pin, 300-mil, High Density Package oe 
CK IN 
DO 1 @ 
DO 2 
description DO 3 
are DO 4 
This 80-bit active-element memory is a monolithic, 
DO5 


Schottky-clamped transistor-transistor logic (STTL) array 
organized as 16 words of five-bits each. The ‘S225 can 
easily be expanded to 16N-words of 5N-bits in length and 
features a single enable control for all 3-state data outputs. 


Pin assignments are same for all packages 


operation 


A FIFO is a memory storage device which allows data to be written into and/or read from its array at independent data 
rates. The ‘S225 is a FIFO which will process data at any desired clock rate from DC to 10 MHz. The data is processed 
in a parallel format, word by word. 


Reading or writing is done independently utilizing separate synchronous data clocks. Data may be written into the 
array on the low-to-high transition of either load clock input. Data may be read out of the array on the low-to-high 
transition of the unload clock input (normally high). When writing data into the FIFO one of the load clock inputs 
must be held high while the other strobes in the data. This arrangement allows either load clock to function as an 
inhibit for the other. 


Status of the ‘S225 is provided by three outputs. Input ready monitors the status of the last word location and signifies 
when the memory is full. This output is high whenever the memory is available to accept any data. The unload clock 
output also monitors the last word location. This output generates a low-logic-level pulse (synchronized to the a 
clock pulse) when the location is vacant. The third status output, output ready, is high when the first word loca 
contains valid data and unload clock input is high. When unload clock input ts low, output ready will be low. The first 
word location is defined as the location from which data is provided to the outputs. 


The data outputs are noninverted with respect to the data inputs and are three-state with a common control input, 
Output enable. When output enable is low, the data outputs are enabled to function as totem-pole outputs. A 
high-logic-level forces each data output to a high-impedance state while all other inputs and outputs remain active. 


The clear input invalidates all data stored in the memory array by clearing the control logic and setting output ready to 
a low-logic-level on the high-to-low transition of a low-active pulse. The data outputs do not change as a result of the 
clear input; however, the output ready at a low-logic-level signifies invalid data. 
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TYPE SN748225 
16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-OUT MEMORY 


FUNCTION TABLES 


Table 2 — Output Functions 


Table 1 — Input Functions 


Output Ready 


EQUIVALENT OF ALL INPUTS 
EXCEPT DATA INPUTS 


Vcc Vv 
c 
Vcc Cc 


EQUIVALENT OF DATA INPUTS TYPICAL OF ALL OUTPUTS 


OUTPUT 


QUEUE CONTROL LOGIC 


16—WORD-—BY—5-—BIT 


QUEUE MEMORY ARRAY 


FIRST WORD 


Vcc * PIN (20) GND = PIN (10) 
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TYPE SN74S225 
16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-OUT MEMORY 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply Voltage, Vcc (see Note 1) hie ce te ee eo ee OB EG ee or Ge Se we ee a. TY 
Input Voltage te es ol ie ie Uh eG Ba Oe Se ee ORs 
Off-State Output Voltage ew he a Be es ee ee Be ek me ym ee. i we SO 
Operating Free-Air Temperature Range me Se ue gue Cae BR me ae we WE ee Se ae te de ess SO CAO 70 C- 
Storage Temperature Range » eo ee. A oR OR WE ee Boe we ee & & 165 OC 10°150-C 


NOTE 1: All voltage values are with respect to network ground terminal. 


recommended operating conditions 


Supply Voltage, V 4.75 5 


Al! Outputs Except Data 
High-level output current, IoH Bac Ob ipuc 
u 
All GCutputs Except Data 


Load Clock A or B, tw (high) 
Pulse Width Unload Clock Input, tw (low) 
Clear, tw (low) 


Data to Load Clock, tg, (Dii) See Note 2 | —15t 
Clear Release to Load Clock, tey 25+ 


Hold Time, Data from Load Clock, tp(DIi) 70t 


Operating free-air temperature, Ta 0 


NOTE 2: Data must be setup within 15 ns after the toad clock positive transition. 


oa) 
a 


3 


° 


NQ 
oOo 


~ 
oe . 
o 


Setup Time 


t = The arrow Indicates that the low-to-high transition of the load clock is used for reference. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


v 


Vcc = MIN, 
V High-level output voit sil 
Mile Oe. 


: Vcc = MIN, ViH=2YV, 
Vit = 0.8 V, lo = MAX 
Vcc = MAX, Vin =2V, 


MIN TYP+ MAX 


te 
=) 


VoL Low-level output voltage 


Off-state output current, high-level 


! 

OZH voltage applied Vit = 0.8 V, Vo =2.4V 
Off-state output current, low-level Vec = MAX, Vin =2V, 
O2L Voltage applied ViL=08V, Vo=05V 


© 
oS 


T For conditions shown as MIN or MAX use the appropriate value specified under recommended operating conditions. 
$AN typical vaiues are at Voc = 5 V, Ta = 25°C. 

§ Duration of the short circuit should not exceed one second. 

NOTE 3: Icc is measured with all inputs grounded and the output open. 
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TYPE SN74S225 
16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-OUT MEMORY 


switching characteristics over recommended operating ranges of TA and Vcc (unless otherwise noted) 


Cy = 30pF, 
R~_ = 3002, 
See Note 4 


CL = 30 pF, 
R_ = 3009, 
See Note 4 


© fmax = maximum clock frequency. 

tw = pulse width (output) 

ti = The arrow tndicates that the low-to-high (t) or high-to-low (1) transition of the output ready (OR) output is used for reference. 
tpt_H = propagation delay time, low-to-high level output 

tPHL = propagation delay time, high-to-low-level output. 

f All typical values are at Vcc = 5 V, Ta = 25°C. 


@: 4: Load circuit and voltage waveforms are shown in Appendix A. 
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TYPE SN74S8225 
16 x 5 ASYNCHRONOUS FIRST-IN/FIRST-OUT MEMORY 


TYPICAL WAVEFORMS 


a cid ee ee ee an 
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315 
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TMS 2708 JL and TMS 27L08 JL 


© 


MOS 1024-WORD BY 8-BIT ERASABLE 

LSI PROGRAMMABLE READ-ONLY MEMORIES 
JULY 1977 

1024 x 8 Organization 24-PIN CERAMIC 

All Inputs and Outputs Fully ee TOP VIE) 


TTL-Compatible 


, 7 A7 Vcc 

Static Operation (No Clocks, No Refresh) re 

AG 
Maximum Access Time... 450 ns 

AS Ag 
Minimum Cycle Time... 450 ns 

A4 VBB 
3-State Outputs for OR- Ties rae 

A3 CS(PE) 
N-Channel Silicon-Gate Technology 

A2 VoD 
8-Bit Output for Use in Microprocessor pe Besa 
Based Systems 

Q 
TMS 27L08 Features o : 
— Low Power... 245 mW (Typical) a1 Q7 
— 10% Power Supply Tolerance a2 Q6 
— Guaranteed d.c. Noise !mmunity with 03 05 
Standard TTL Loads 

— Increased Output Drive Capability Vss = 


description 


The TMS 2708 JL and TMS 27L08 JL are 8,192-bit ultra-violet light erasable, electrically programmable read-only 
memories organized as 1024 words of 8-bit length. The devices are fabricated using N-channel silicon-gate technology 
for high speed and simple interface with MOS and bipolar circuits. All inputs (including program data inputs) can be 
driven by Series 74 TTL circuits without the use of external pull-up resistors and each output can drive one Series 74 
TTL circuit without external resistors. The TMS 27L08 also guarantees 250 mV d.c. noise immunity in the high state 
and 200 mV in the low state. It will also directly drive 1 Series 74, 74S, or 74LS TTL circuit. The data outputs for 
both circuits are three-state for OR-tieing multiple devices on a common bus. A pin-compatible mask programmed 
ROM, the TMS4700 is available for large volume requirements. . 


The TMS 2708 and TMS 27L08 are designed for high-density fixed-memory applications where fast turn arounds 
and/or program changes are required. These EPROMs are supplied in a 24-pin dual-in-line ceramic (JL suffix) package 
designed for insertion in mounting-hole rows on 600-mil centers. The devices are characterized for operation from oC 
to 70°C. 


Operation (read mode) 


address (AQ-A9) 

The address-valid interval determines the device cycle time. The 10-bit positive-logic address is decoded on-chip to 
select one of 1024 words of 8-bit length in the memory array. AO is the least-significant bit and AQ the most-significant 
bit of the word address. 


chip select, program enable [CS(PE)] 


When the chip select is low (iogic 0), all eight outputs are enabled and the eight-bit addressed word can be read. When 
the chip select is high (logic 1), all eight outputs are in a high-impedance state. When the chip select, program enable is 
brought to Vpp, the outputs become inputs and the EPROM is ready for programming. 


data out (Q1-Q8) 


The chip must be selected before the eight-bit output word can be read. Data will remain valid until the address is 
changed or the chip is deselected. When deselected, the three-state outputs are in a high-impedance state. The outputs 
will drive TTL circuits without external components. The program pin must be held below V¢c in the read mode. 


(ee EER 
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operation (program mode) 


erase 


Before programming, the TMS 2708 or TMS 27L08 is erased by exposing the chip through the transparent lid to 
high-intensity ultraviolet light (wavelength 2537 angstroms). The recommended exposure is ten watt-seconds per square 
centimeter. This can be obtained by, for instance, 20 to 30 minutes exposure of a filterless Model S52 short wave UV 
lamp about 2.5 centimeters above the EPROM. After erasure all bits are in the ‘’1” state. 


programming 


changed from the erased ‘‘1” state to the ‘’0” state. A ‘‘0’’ can be changed to a ‘’1’’ only by erasure. Programming 
normally accomplished on a PROM or EPROM Programmer, an example of which is Tl’s Universal PROM Programming 
Module in conjunction with the 990 prototyping system. 


Programming consists of successively depositing a small amount of charge to a selected memory cell that is to ® 


to start programming 


First bring the CS(PE) pin to +12 V to disable the outputs and convert them to inputs. This Program Enable pin is held 
high for the duration of the programming sequence. The first word to be programmed is addressed (it is customary to 
begin with the ‘0’ address) and the data to be stored is placed on the Q1-Q8 program inputs. Then a +26 V program 
pulse is applied to the Program Pin. After 0.1 to 1.0 milliseconds the program pin is brought back to 0 V. After at least 
one microsecond the word address is sequentially changed to the next location, the new data is set up and the program 
pulse is applied. 


Programming continues in this manner until all 1024 words have been programmed. This constitutes one of N program 
loops. The entire sequence is then repeated N times with N x tw(PR) 2 100 ms. Thus, if tw(pR) = 1 ms; then, N = 100, 
the minimum number of program loops required to program the EPROM. 


to stop programming 


After cycling through the N program loops, the last program pulse is brought to 0 V, then Program Enable [CS(PE)] is 
brought to V},_ which takes the device out of the program mode. The data supplied by the programmer must be 
removed before the address is changed since the program inputs are now data outputs and a change of address could 
cause a voltage conflict on the output buffer. Q1-Q8 outputs are invalid up to 10 microseconds after the program 
enable pin is brought from V}H(PE) to VIL. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)* 


Supply voltage, Vcc (see Note 1) jo ed & oe Ba te ee Sle Meo cis ee a ee a ot SS OF 
Supply voltage, Vpp (see Note 1) ei we 2S eS we a a eee ae & eee Se 4 HOS 620 
Supply voltage, Vss ‘(see Note 1) bo ee 1S ad Ge. ee ce. a Ee OR Be Se we em, oe. TOO > 
All input voltages (except program) (see Note 1) . . . 2. . . eee. =6 0.3 to 20 
Program Input dO ee! nt Age ee ce, pe Ae we i pe a Gc ak ee Se & eee. 2 SOS 
Output voltage (operating, with respect to Vss) fod SR me Me ae, Jee Gh ae ME Be Cok A. en Ok. STO 
Operating free-air temperature range 6) gee J ee ae Ie oe Me te® ee Bod a Se Se, OCA 70 
Storage temperature range 5 the wet ee ee ke Se a ke oS ae de et ke ae sg 45S Ht 125 S 


NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, Vgg (substrate), unless 
otherwise noted. Throughout the remainder of this data sheet, voltage values are with respect to Vss. 


*Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions” 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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a ere ee rn TT 


functional block diagram 


DATA OUTPUTS (PROGRAM INPUTS) 
01-08 
y | i | | | | | 
| | | | | | | 


CS (PE) CHIP SELECT AND (PROGRAM ENABLE) LOGIC 
& ~—— OUTPUT BUFFERS 
| 


(INPUT BUFFERS) 7 


Y Y GATING 
A0—A3 ADDRESS Y DECODE 
BUFFER 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


ADDRESS INPUTS 
© oO 
x Bee trae 1024 X 8 MEMORY MATRIX 
A4—AQ9 ADDRESS X DECODE 3 | 3 
BUFFER 
| 
Oye alee Bal cae, NBs May Te, ee Se oh ne oe ee, ce eS 
| 
= READ MODE 
—~—— ~— PROGRAM MODE (PROGRAM PULSE} 


recommended operating conditions 


TMS 2708 TMS 27L08 
PARAMETER 
MIN NOM MAX |MIN NOM MAX 


Supply voltage, Veg —~4,75 -—-5 -—5,25 | —4.5 —5 —5.5 
Supply voltage, Vcc 4.75 5 5.25 | 4.5 5 5.5 
11.4 12 12.6 | 10.8 12 13.2 


Supply voltage, Vpp 


UNIT 


st < File] 2 


Vv 


i Supply voltage, Vss 


High-level input voltage, Vj} (except program and program enable) Vect1 


10.8 12 13.2 


ep High-level program enable input voltage, Vj H (pe) 


N 
oO 
N 
[op] 
NO 
~N 


< < 

nN mM N 
olan |a N 

—_ 


igh-level program input voltage, VjH(PR) 


Low-level input voltage, Vj, (except program) 0.65 


Low-level program input voltage, Vi_(PR) 
Note: Vyi_(pR) max +: Vin(pR) — 25 V 


Operating free-air temperature, Ta 
High-level program pulse input current, l}1(pR) 


~ 
Oo 


3 
P| 
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electrical characteristics over full ranges of recommended operating conditions 
(unless otherwise noted) 


PARAMETER 
! =—100 nA 
VOH High-level output voitage On 2 
lon =—1 mA 
1 
V Low-level output voltage 
OL eee ig = Oma TMS 27108 


1 Input current (leakage) V);=O0V to 5.25 V ps OF 


. 

TEST CONDITIONS Sale TMS 271.08 UNIT 
MIN TYPt MAX! MIN TyPt MAX 

5 


Ww 
~ 


OL=1.6mA TMS 2708 


lo Output current (leakage) Vo = 5.25 V, CS(PE) =5V 
IBB Supply current from Veg | All inputs high 
lec Supply current from Vcc S(PE)=5V 

Ipp Supply current from Vpp | For Ipp MAX, Tp = OC (worst case) 
PD Power dissipation Ta = 70°C 350 
PD(av) Power dissipation Ta = 25°C 65% Duty Cycle ft am, ais od mW 
PDH Power dissipation Ta = 0'C (worst case) Ee. n'a tas ne ‘I 


capacitance over recommended supply voltage range and operating free-air temperature range f = 1 MHz 


3.7 
V 
Vv 
vA 
LA 
30 4 mA 
mA 


’ 475 


nN 
> 


TyPt MAX | UNIT 
pF 


PARAMETER 


j Input capacitance 


2) 


[ee] 

= 

N 
im 

na 


Co Output capacitance 


T All typical values are at TaA= 25 C and nominal voltages. 


switching characteristics over recommended supply voltage range and operating free-air temperature range 


PARAMETER TEST CONDITIONS 


t Access ti fro ddress 
alad cce me from addr Cy = 100 pf 


t A time from CS 
a(CS) —— a 7 : 1 Series 74 TTL Load 
tpvx utput invali roma ress change : 
; t#(CS), t{(ad) = 20 ns 
tpxz Output disable time - 


—_ 
tO 
jo) 


Transition times (except program pulse) 
Transition times, program pulse 
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read cycle timing 


[-t———_—-——— tetrd) 


ViH 


CS(PE) 
& m 


program cycle timing 


SSS et OF N* PROGRAM LOOPS cca 


VIH(PE) 


CS (PE) 
Vit “ tsu(PE) 
| 
ViH 
ADDRESSES 
VIL 
tsu(ad) or =r, ee | | 
be twiPR) —od PS mil | 
VIH(PR) | | 
PROGRAM ; 
PULSE l | 


ViL(PR) 


@ tsu(da) > | *h(da) “| st oe eases thidal | i“ tines, ae = go daR) 
Q8 


VIH 
Pino OUTPUT 


PROGRAM OUTPUT 
INPUTS VIL 


*CS(PE) is at ViH(PeE) through N program loops where N 2100 MSs/tw(PR) 


NOTE: Q1—Q8 outputs are invalid up to 10 usec after programming (CS(PE) goes low). 
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TYPICAL TMS 27L08 JL CHARACTERISTICS 


OEVICE POWER DISSIPATION vs TEMPERATURE CURRENT vs TEMPERATURE 
40 
700 
= 600 ; 
3 30 
3 : 
5 500 7 
4 w~ 
a oe c 
8 400 a ase Conditions 5 20 
° > 
= z 
2 300 Q 
{ Y 
£ 200 10 
100 
6) 10 20 30 40 50 60 70 
Ta — Free-Air Temperature — 3¢ Ta Free Air Temperature Cc 
OUTPUT SINK CURRENT vs OUTPUT VOLTAGE ACCESS TIME vs TEMPERATURE 


lot — Output Sink Current — mA 
Access Time — ns 


Vote - Output Voltage Vv TA Free Atr Temiperature Cc 
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LSI 2048-WORD BY 8-BIT ERASABLE 
| PROGRAMMABLE READ-ONLY MEMORIES 


MARCH 1977 


e 2048 x 8 Organization 24-PIN CERAMIC 
DUAL-IN-LINE PACKAGE 


e Plug in Compatible with the 2708 — Doubling 


(TOP VIEW) 
Memory Size with Minimal Board Change 
e All Inputs and Outputs Fully TTL- a Vcc (PE) 
Compatible AG As 
e Static Operation (No Clocks, No Refresh) AS Ag 
@ Maximum Access Time ... 450 ns A4 Ves 
e Minimum Cycle Time... 450 ns A3 A10 
6 e 3State Outputs for OR-Ties A2 Vop 
e 8-Bit Output for Use in Microprocessor Al CS (Program) 
Based Systems 
AO 08 
e N-Channel Silicon-Gate Technology 
07 
e@ Low Power: 700 mW Maximum at 0°C, ” 
550 mW Maximum at 70°C, 375 mW Typical 02 oe 
e Guaranteed d.c. Noise Immunity with 03 05 
Standard TTL Loads — No Pull-Up Vss 04 


Resistors Required 


description 


The TMS 2716 JL is a 16,384-bit ultra-violet light erasable, electrically programmable read-only memory organized as 
2048 words of &bit length. The device is fabricated using N-channel silicon-gate technology for high speed and simple 
interface with MOS and bipolar circuits. All inputs (including program data inputs) can be driven by Series 74 TTL 
circuits without the use of external pull-up resistors and each output can drive one Series 74 TTL circuit without 
external resistors. In this configuration, the TMS 2716 also guarantees 250 mV noise immunity in the low state. The 
data outputs are three-state for OR-tieing multiple devices on a common bus. The TMS 2716 is plug-in compatible with 
the TMS 2708 and the TMS 27L08 8K EPROMs. 


The TMS 2716 is designed for high-density fixed-memory applications where fast turn arounds and/or program changes 
are required. This EPROM is supplied in a 24-pin dual-in-line ceramic (JL suffix) package designed for insertion in 
mounting-hole rows on 600-mil centers. The device is designed for operation from O°C to 70°C. 


operation (read mode) 


address (A0-A10) ‘ 

& The address-valid interval determines the device cycle time. The 11-bit positive-logic address is decoded on-chip to 
select one of 2048 words of &bit length in the memory array. AO is the least-significant bit and A10 the 
most-significant bit of the word address. 


chip select, Program [CS(Program)] 


When the chip select is low (logic 0), all eight outputs are enabled and the eight-bit addressed word can be read. When 
the chip select is high (logic 1), all eight outputs are in a high-impedance state. (In the program mode, the chip select 
feature does not function, as pin 18 inputs only the program pulse.) 


data out (01-08) 


The chip must be selected before the eight-bit output word can be read. Data will remain valid until the address is 
changed or the chip is deselected. When deselected, the three-state outputs are in a high-impedance state. The outputs 
will drive TTL circuits without external components. 
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operation (program mode) 


erase 


Before programming, the TMS 2716 is erased by exposing the chip through the transparent lid to high-intensity 
ultraviolet light (wavelength 2537 angstroms). The recommended exposure is ten watt-seconds per square centimeter. 
This can be obtained by, for instance, 20 to 30 minutes exposure of a filterless Model S52 short wave UV lamp about 
2.5 centimeters above the EPROM. After erasure all bits are in the “1” state. 


programming 


Programming consists of successively depositing a small amount of charge to a selected memory cell that is to be 


changed from the erased ‘’1” state to the ‘’O” state. A “0” can be changed to a “1” only by erasure. Programming is % 


normally accomplished on a PROM or EPROM Programmer. 


to start programming 


First bring the VCC(PE) pin to +12 V to disable the outputs and convert them to inputs. This Program Enable pin is 
held high for the duration of the programming sequence. The first word to be programmed is addressed (it is customary- 
to begin with the “O’’ address) and the data to be stored is placed on the 01-O8 program inputs. Then a +26 V program 
pulse is applied to the Program Pin. After 0.1 to 1.0 milliseconds the program pin is brought back to 0 V. After at least 
one microsecond the word address is sequentially changed to the next location, the new data is set up and the program 
pulse is applied. 


Programming continues in this manner until all 2048 words have been programmed. This constitutes one of N program 
loops. The entire sequence is then repeated N times with N x tw(PR) 2 100 ms. Thus, if tw(PR) = 1 ms; then, N = 100, 
the minimum number of program loops required to program the EPROM. 


to stop programming 


After cycling through the N program loops, the last program pulse is brought to 0 V, then Program Enable [Vcc pe) |] 
is brought to ViL(PE) which takes the device out of the program mode. The data supplied by the programmer must be 
removed before the address is changed since the program inputs are now data outputs and a change of address could 
cause a voltage conflict on the output buffer. O01-O8 outputs are invalid up to 10 microseconds after the program 
enable pin is brought from VjH(PE) to VIL(PE). 


absoiute maximum ratings over operating free-air temperature range (unless otherwise noted) * 


Supply voltage, Vcc (see Note 1) cues Va Me 8. GR, a hee ee, es Re ee a SO OTS 


Supply voltage, Vpp (see Note 1) the BS a ae sh wt SE ee KR we Sw Y-S SBOStO20V 
Supply voltage, Vss (see Note 1) ee, C8 dien- 8h, oa” Ra Re ome a Ge ok OS tO V 
All input voltages (except program) (see Note 1) . . . . . . . ee ee. (8.3 to 20 V 
Program Input bo Se. ak Oe tk Oe Bee Who ee a XB eh a. ae der Se ee a a OP ch. (SOS 8: S57 
Output voltage (operating, with respectto Vss) 2. ww wee ee ee 62 HOTV 
Operating free-air temperature range oo he vs Ge hos BP & Be eG w wo & Bom ue Be OFC 18706 
Storage temperature range ay RK as wide sehedia Me Te. oh ce Os, Bi Hen Be ac! eo yee SBC te 925°C 


NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-negative supply voitage, Veg (substrate), unless 
otherwise noted. Throughout the remainder of this data sheet, voltage values are with respect to Vss. 


*Stresses beyond those listed under ‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the “Recommended Operating Conditions’’ 
section of this specification is not implied. Exposure to absolute-maximunrrated conditions for extended periods may affect device reliability. 
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functional block diagram So Vag 


DATA OUTPUTS (PROGRAM INPUTS) 
01-08 


OUTPUT BUFFERS 


cs CHIP SELECT AND (PROGRAMENABLE) LOGIC| ——__ 
(PE)— — 


(INPUT BUFFERS) =u 
| 

| 

Y Y GATING 
ADDRESS Y DECODE 
BUFFER 

ee ee 
ADDRESS INPUTS 
wo 
x 2 2048 X 8 MEMORY MATRIX | 
ADDRESS X DECODE af | 
BUFFER = | 
| 
| 
| | 
‘ oe pe a. nase, eee 2s oe a eee 
READ MODE 
recommended operating conditions 
PARAMETER MIN NOM MAX | UNIT 


Supply voltage, Veg —4.75 ~-5 —5.25 
Supply voltage, Vcc 4.75 5 §.25 


Supply voltage, Vpp 11.4 12 12.6 


| High-level program input voltage, VjH(PR) 25 26 27 
Low-level input voltage, Vj, {except program and program enable) Vss 0.65 


Low-level program input voltage (in the program mode) Vi 1 (pR) 
Note: Vi_(pR) max < ViH(pR) — 25 V 


High-level program pulse input current, !)4(pR) 40 
Operating free-air temperature, Ta 0 70 
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electrical characteristics over full ranges of recommended operating conditions 
(unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TyPt UNIT 


\ =—100 uA 3.7 
VOH High-level output voltage OH V 
lon =-1mA 2.4 
VOL Low-level output voltage lor = 1.6mA 
mA 
mA 
WwW 


M 
0 
lo Output current (leakage) Vo = 5.25 V, CS (Program) = 5 V 1 
Isp Supply current from Vgg All inputs high 10 
lec Supply current from Vcc CS (Program) = 5 V mA 
IDp ~— Supply current from Vpp For ipp MAX, Ta = OC (worst case) 26 45| mA % 
Supply current from PE on 
ey ee VpE = VDD L 
cc pin 
; : aaa 375.7 
6) ation m 
sais ies DO ea cere Se eee | 


TAI typical values are at Ta = 25°C and nominal voltage. 


I Input current (leakage) V; =O V to 5.25 V P10 


AX 
45 
10 
17 
2 
00 
550 


capacitance over recommended supply voltage range and operating free-air temperature range f = 1 MHz 


PARAMETER Typt MAX 


C. Input capacitance [except CS (Program) ] 4 6 
Ci(cs) CS (Program) input capacitance 20 


Co Output capacitance 


TAH typical values are at TA = 25°C and nominal voltages. 


switching characteristics over recommended supply voltage range and operating free-air temperature range 


PARAMETER MIN MAX | UNIT 
ta(ad) | Access time from address 4 


ta(cs) Access time from CS 


TEST CONDITIONS 


C, = 100 pF 
1 Series 74 TTL Load 
t4(CS), t#(ad) = 20 ns 


tpyx Output invalid from address change 


| tpxzZ Output disable time 
| 


timing requirements over recommended supply voltage and operating free-air temperature range ® 
PARARIETER Rin ee 
telrd) Read cycle time 450 | ons | 
tw(PR) Pulse width, program pulse [0.1 1] ms | 
ty Transition times (except program pulse) } 20} ons | 
tT(PR) Transition times, program pulse | 500 2000] ns | 
tsu(ad) Address setup time | 10 = fous, 
tsu(da) Data setup time | 10 os 
tsu(PE) Program enable setup time 
th(ad) Address hold time 1000 | ons | 
th(ad,da R) Address hold time after program input data stopped 0 
thida) * Data hold time 1000 — 
th(PE) Program enable hold time 500 | ons | 
H tCL,adX Delay time, CS(Program) low to address change Fons | 
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SE I I PI TN TTT I PI EE I A I IOS T AIT IOS ATU EGI 


read cycle timing 


ADDRESSES 


CS (Program) 


Soe | be—— ta(ad) ——+] 
tpyx ee, 


Q1—Q8 ennme HI —Z 


program cycle timing 


SSS eel OF N* PROGRAM Loops. ————_____________» 


VIH(PE) 
VeclPE) 


tsu(PE) th(PE) —>| 
t x 
ol Se | —~| -- CL, ad 


Vio ! 
ADDRESSES 
Vik 
tsu(ad) or si [= Isulad) | 
be twipR) —al be— twiPR) —»] | | 
ViH(PR) 
CS (Program) { 
Program | 


Pulse. VIL(PR) 


VIH 
O1 — O8 
PROGRAM OUTPUT INPUT OUTPUT 
INPUTS VIL 


* Vec(Pe) is at Vipg(pe) through N Program loops where N > 100 ms/ty(pR) 
NOTE: O1—O8 outputs are invalid up to 10 usec after programming (Vcc(pE) goes low). 
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APPLICATIONS INFORMATION 


Ease of Conversion From TMS 2708 To TMS 2716 


A. The TMS 2716 and TMS 2708 have compatible timing, voltage and current parameters in both modes. 


B. The 2716 requires less power than the 2708. 


C. The pinouts are compatible. (See below.) 


TMS 2708 
A7. 1 Veco =* 
AG 2 A8 
A5 3 Ag 
A4 4 ears = VBB 
TMS 2708 ot 
A3 5 CS(PE) * 
A2 6 VoD 
Al 7 Program * 
AO 8 Q8 
Q1 9 Q?7 
Q2 10 O6 
Q3 44 a5 
Vss 12 of 


TMS 2716 


Vcc (PE) * 


A8 


Vpp 


As can be seen from the above diagrams, only three pins* are modified in going from TMS 2708 to 


TMS 2716: 


1. The additional address pin required for the 16K EPROM is located on pin 20 which displaces the & 


CS/PE functions on the 2708. 


2. Since Vcc is not required during programming, the PE function shares pin 24 with VCC. 


3. The CS function and program function are mutually exclusive during normal read mode (and are 


self-actuated complementary during the program/verify mode) and share pin 18. 


The diagrams below show how these three pins are actually utilized in the read mode and in the program 


mode. Only pins 18, 20, and 24 need to be shown, as all other pin connections are identical. 
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Read Mode 


Vcc * 


Program (Write) Mode 


PE * 


TMS 2716 — Easy Programmability On Existing 2708 Programmers 


All timing, voltage and current parameters are compatible so that existing 2708 programmers can easily and 
simply be converted to program the TMS 2716. 


A simple cost-effective method to program the TMS 2716 on existing TMS 2708 programmers with no 
modification to the existing programmer is discussed in a separate application brief. All that is required is 
two switches and two sockets to allow each 8K half of the TMS 2716 to be programmed/verified 
separately. 


Existing EPROM Programmers — Upgrading To the TMS 2716 


Most of the EPROM manufacturers are in the process of implementing field upgrade modifications to allow 
TMS 2716 programming on current EPROM programmers. This is greatly simplified because the TMS 2716 
and the TMS 2708 are programmed in an identical manner. A slight modification to the socket card, an 
additional 1K x 8 of RAM, and an extra address signal (A10) are all that is required. All timing and voltage 
parameters are identical, so the upgrade is easily accomplished. Programmer manufacturers contacted to 
date on the TMS 2716 include: Data |/O, PRO LOG, Texas Instruments, Technico, CramerKit, Shepardson 
Micro Systems, Cromenco, MicroPro, and Ramtek. 
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MOS TMS 4700 JL, NL 
LSI 1024-WORD BY 8-BIT READ-ONLY MEMORY 


BULLETIN NO, DL-S 7512273, MAY 1975 


@ 1024 x 8 Organization 
; 24-PIN CERAMIC AND PLASTIC 

e All Inputs and Outputs TTL-Compatible DUAL-IN-LINE PACKAGES 

e Maximum Access Time ... 450 ns ! (TOP VIEW) 
Minimum Cycle Time 450 ns | 3 9a Wee 

e Typical Power Dissipation ... 310 mW neg 23 AB 

e 3-State Outputs for OR-Ties a 22 AQ 

P 
Output Enable Control ak a 21 Ves 

e Silicon-Gate Technology ee 6 20 OE! 

e §8-Bit Output for use in Microprocessor nae ie 19 Vpp & 
Based Systems ne sal GeetoEs 
Bat sce AO 8 17. O8 

description 
o1 9 16 O7 
The TMS 4700 JL, NL is an 8,192-bit read-only O02 10 15 O6 
memouy /otganized as Meee words of 8-bit enOE: The Sarat ie Ge 
device is fabricated using N-channel silicon-gate 
technology for high speed and simple interface with Vss 12 13° 04 
bipolar circuits. All inputs can be driven by Series 74 
TTL circuits with the use of external pull-up resistors 
and each output can drive one Series 74 TTL circuit 
without external resistors. The data outputs are three-state for OR-tieing multiple devices on a common bus. Two 
output-enable controls, one customer programmable, allow data to be read. The option on output enable 2 is explained 
in the section ‘‘Software Package’’. 
The TMS 4700 is designed for high-density fixed-memory applications such as logic-function generation and 
microprogramming. This ROM is supplied in 24-pin dual-in-line ceramic (JL suffix) and plastic (NL suffix) packages 
designed for insertion in mounting-hole rows.on 600-mil centers. The device is characterized for operation from O°C to 
70°C. 
operation 


address (A0-A9) 


‘The address-valid interval determines the device cycle time. The 10-bit positive-logic address is decoded on-chip to 
select one of 1024 words of 8-bit length in the memory array. AO is the least-significant bit and AQ the most-significant 


bit of the word address. & 


output enable (OE1 and OE2") 


OEF1 is active when it is low. OE2 can be programmed, during mask fabrication, to be active with a high or a low level 
input. When both output enables are active, all eight outputs are enabled and the eight-bit addressed word can be read. 
When either output enable is not active, all eight outputs are in a high-impedance state. 


data out (01-08) / 


The eight outputs must be enabied by both output enable controls before the output word can be read. Data will 
remain valid until the address-is changed or the outputs are disabled. When disabled, the three-state outputs are ina 
high-impedance state. The outputs will drive TTL circuits without external components. 


tsymbol OE2 assumes output enable 2 is programmed active high. If active low, the symbol would be OE2. 


TEXAS INSTRUMENTS 


TMS 4700 JL, NL 


1024-WORD BY 8-BIT READ-ONLY MEMORY 


functional block diagram 


OE1 
OE2 


A0-—A9 
ADDRESS 
INPUTS 


DATA OUTPUTS 
01-08 


aa SS 


CHIP-SELECT LOGIC 


Y DECODER Y GATING 


OUTPUT BUFFERS 


1024 x 8 
X DECODER MEMORY MATRIX 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) * 


Supply voltage, Vcc (see Note 1) —0.3 V to 20 V 
Supply voltage, Vpp (see Note 1) —0.3 V to 20 V 
Supply voltage, Vg (see Note 1) —0.3 V to 20 V 
Operating free-air temperature range . . . . . . ee ee ee ee OPE to 70°C 


Storage temperature range 


—55°C to 125°C 


NOTE 1: Under absolute maximum ratings, voltage values are with respect to the normally most Positive supply, Vag (substrate). Throughout 
the remainder of this data sheet voltage values are with respect to Vss. 

*Stresses beyond those listed under “Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions’ 

section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


Qprrences operating conditions 


—4.75 —5 —5.25 
4.75 5 5.25 


11.4 12 12.6 
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| TMS 4700 JL, NL 
1024-WORD BY 8-BIT READ-ONLY MEMORY 


electrical characteristics over recommended supply voltage ranges, T A= 0°C to 70°C 
(unless otherwise noted) 


oneview! ouput soiege [tout 
PSs ane eee SOCAN ee 
10 | oA] 
Both output enables sctve 
[Po Power disipation ———~SCSC*dCSSSCSSSSS 


TAI typical values are at Ta = 25 C and nominal voltages. 


switching characteristics over recommended supply voltage ranges, T, = 0°C to 70°C 


PARAMETER TEST CONDITIONS | MIN- = =MAX | UNIT | 


ta(OE1) Access time from output enable 1 


Ci = 50 pF, 
1 Series 74 TTL load 


ta(OE2) Access time from output enable 2 


tpxz Output disable time from either chip enable 


voltage waveforms 


ee Eg 


ADDRESS, A0-A9 


| le — tae) —w 
| 
| 


OUTPUT ENABLE, VIH 
OE1 
Vit 


OUTPUT ENABLE, 
OE2/OE2 


OUTPUTS, 01-08 
HI-Z STATE DATA VALID 


NOTE: Timing points are 90% (high) and 10% (low). 
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TMS 4700 JL, NL 
1024-WORD BY 8-BIT READ-ONLY MEMORY 


SOFTWARE PACKAGE 


The TMS 4700 JL, NL is a fixed-program memory in which the programming is performed by TI at the factory during the 
manufacturing cycle to the specific customer inputs supplied in the format shown. The device is organized as 1024 8-bit 
words with address locations numbered 0 to 1023. Any 8-bit word can be coded as a 2-digit hexadecimal number between 00 
and FF. Alli stored words and addresses in the following format are coded in hexadecimal numbers. In coding, all binary 
words must be in positive logic before conversion to hexadecimal. O1 is considered the least-significant bit and O8 the 
Mmost-significant bit. For addresses AO is least significant and AQ is most significant. 


Every card should include the T! Custom Device Number in the form ZAXXXX (4-digit number to be assigned by Tl) in 
columns 75 through 80. 


Output enable 2 is customer programmable. Every card should include in column 74 a 1 if the output is to be enabled with a 
high-level input at OE2 or a 0 for enabling with a low-level input. 


The 1024 coded words must be supplied on 64 cards with 16 2-digit hex numbers per card. 


CARD COLUMN HE XADECIMAL INFORMATION 
1 1-9 BLANK 
10 : (ASCII character colon) 
11-12 10 (specifies 16 words per card) 
13 BLANK 
14—16 Hex address of 1st word on 1st card (Oth word, address normally 000) 
17—18 BLANK 
19—20 Oth word in Hex 
49—50 15th word in Hex 
51-73 BLANK 
64 1-9 BLANK 
10 : (ASCH character colon) 
11-12 10 
13 BLANK 
@ 14-16 Hex address of 1st word on 64th card (1008th word, address normally 3FQ) 
17-18 BLANK 
19—20 1008th word in Hex 
49-50 1023rd word in Hex 
51-73 BLANK 


Ei AT EE LEE SRA PA RI AI PE EIS IRI RIO BETTI ITT POSE EEN NTO DELL DELILE ELEN LY ILD ELIE TILT TTL N EI 
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TMS 4710 JL,NL 
MOS COMPLETE ASCII CHARACTER SET GENERATOR 
5x7 CHARACTER, 8x8 BLOCK 


TMS 4710 (Standard TMS 4700 8K ROM) Sa pi CERAMIC AND PLASTIC 
e Full Upper and Lower Case ASCII DUAL-IN-LINE PACKAGES 


Character Generator afed 
Ideal for Video Terminal Applications A7 1 24 Vcc 
Fully Static Operation AGB 2 23 A8 
e Block Size 8x 8 AS 3 22 AQ 
e Character Size 5 x 7 Aa 4 21 Ves 
e 1024 x 8 Organization A3 5 20 O€1 @ 
e All Inputs and Outputs TTL-Compatible A2 6 19 Vop 
e Maximum Access Time... 450 ns Al 7 18 OE2 or OE2 
e Minimum Cycle Time... 450 ns AO 8 17. 08 
e Typical Power Dissipation ... 310 mW 01 9 16 07 
e 3-State Outputs for OR-Ties 02 10 15 O06 
e Output Enable Control 03 11 14 O5 
e Silicon-Gate Technology Vsg 12 13° 04 


e 8-Bit Output for use in Microprocessor 
Based Systems 


description 


The TMS 4710 JL, NL is an 8,192-bit read-only memory organized as 1024 words of 8-bit length. The device is 
fabricated using N-channel silicon-gate technology for high speed and simple interface with bipolar circuits. All inputs 
can be driven by Series 74 TTL circuits with the use of external pull-up resistors and each output can drive one Series 
74 TTL circuit without external resistors. The data outputs are three-state for OR-tieing multiple devices on a common 
bus. Two output-enabie controls, when active low, allow data to be read, which simplifies overall system design. 


The TMS 4710 is designed for ASCII graphics applications such as CRT and printers. This ROM is supplied in 24-pin 
dual-in-line ceramic (JL suffix) and plastic (NL suffix) packages designed for insertion in mounting-hold rows on 
600-mil centers. The device is characterized for operation from O°C to 70°C. 


operation 
address (A0-AQ) 
The address-valid interval determines the device cycle time. The 10-bit positive-logic address is decoded on-chip to 
select one of 1024 words of 8-bit length in the memory array. AO is the least-significant bit and AQ the most-significant 
bit of the word address. 
Address lines AQ-A2 choose the row to be output. For row zero, all outputs are low (blank). 
Address lines A3-AQ select the character to be displayed. 
output enable (OE1 and OE2*) 
OE1 is active when it is low. OE2 is active when low, and when both output enables are active, all eight outputs are 


enabled and the eight-bit addressed word can be read. When either output enable is not active, all eight outputs are in a 
high-impedance state. 


‘Symbol OE2 assumes output enable 2 is programmed active high. If active low, the symbol would be OE2. 


TEXAS INSTRUMENTS 


TMS 4710 JL,NL 
COMPLETE ASCII CHARACTER SET GENERATOR 
5x7 CHARACTER, 8x8 BLOCK 


data out (01-08) 

The eight outputs must be enabled by both output enable controls before the output word can be read. Data will 
remain valid until the address is changed or the outputs are disabled. When disabled, the three-state outputs are in a 
high-impedance state. The outputs wil! drive TTL circuits without external components. 


Data out bitsO1, 07, and O8 are always output as low (blank) display for alphanumeric characters. Data out bit 08 is 
always output as low (blank) display. 


A simulated Video Display of the TMS 4710 Character Generator Output is shown in attached figure. 


_—: 


08 07 06 05 04 03 02 01 A2 A1 AO 

0 00 

001 

0 1 0 

S$ 0 11 
5 

7 <£ 100 
fo 0] 

1 0 
1 1 °0 


Lower 3 Address 
8 DOTS bits AO-A2 
Select 1 of 8 rows 
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TMS 4710 JL,NL 
COMPLETE ASCII CHARACTER SET GENERATOR 
5x7 CHARACTER, 8x8 BLOCK 


Se pnr rc  c G E  IA S EN S STNE E E I E  TY E E I E T LOON TLL ETS EL TES 


functional block diagram 


DATA OUTPUTS 


01-08 
See 
OE1 
CHIP-SELECT LOGIC 
OE2 
OUTPUT BUFFERS 
Y DECODER Y GATING 
AO-—AQ 
ADDRESS 
INPUTS 


1024 x8 
X DECODER MEMORY MATRIX 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) * 


Supply voltage, Vec (see Note 1) Bees te ey te eee eh oe ewe ot ee —0.3 V to 20 V 
Supply voltage, Vpp (see Note 1) Cte Sa ane ee G- Me tua we. ch ig. By at SB ee oe —0.3V to 20 V 
Supply Voltage. Vee (See NOTE SN): ce ¢ Bk ew ee SO HER Bo ok BR weg —0.5V to 20 V 
Operating free-air temperature range . . . 2. . . ee ee OPE to 70°C 
Storage temperature range . . 2... = 55°C to 125°C 


NOTE 1: Under absolute maximum ratings, voltage values are with respect to the normally most Positive supply, Veg (substrate). Throughout 
the remainder of this data sheet voltage values are with respect to Vgs. 

“Stresses beyond those listed under ‘“‘Absotute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions’ 

section of this specification is Not implied. Exposure to absolute-maximum-rated conditions for extended Periods may affect device reliability. 


recommended operating conditions 


PARAMETER NOM MAX 


UNIT 
Supply voltage, Vgg —4.75 —5 —§.25 


Supply voltage, Vcc 4.75 5 5.25 
Supply voltage, Vpp 11.4 12 12.6 
Supply voltage, Vss 

High-level input voltage, Vip 


Low-level input voltage, Vii 


Read cycle time, te(rd) 


> 


< 
n|e 
On Jw 
< 
O10 
focet@) 


5 
Output-enable rise time, tr(QE1) 2nd ty(OE2) 20 


20° 


ss ae 
ole) 


Output-enable fall time, tf(QE 1) and tf(OE2) 


3 


Operating free-air temperature, Tp 0 


w 
© 
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TMS 4710 JL,NL 


COMPLETE ASCI! CHARACTER SET GENERATOR 


5x7 CHARACTER, 8x8 BLOCK 


electrical characteristics over recommended supply voltage ranges, Ta = 0°C to 70°C 


(unless otherwise noted) 


PARAMETER 
VOH High-level output voltage 


VOL Low-level output voltage 


Input current 


TEST CONDITIONS 
19H =—1 MA 


lor =2mMA 
V;=O0to6.5V 


IBB Supply current from Veg 


Icc Supply current from Vcc 
Ippo Supply current from Vpp 


Power dissipation 


Both output enables active 


€ : 
“All typical values are at Ta = 25 C and nominal voltages. 


switching characteristics over recommended supply voltage ranges, Tp =0O°Cto 70 C 


PARAMETER 
talad) Access time from address 


fal OE U)ehecess time Som culpa enene | 


ta(OE2) Access time from output enable 2 


TEST CONDITIONS 


C, = 50 pF, 
1 Series 74 TTL load 


tpxz Output disable time from either chip enable 


voltage waveforms 


page 8 een 


Vi 
ADDRESS, A0-A9 
Vit 


OUTPUT ENABLE, VIH 
OE1 
Vie 


OUTPUT ENABLE, 


OE2/OE2 
ViL 
VOH 
OUTPUTS, 01-08 
VoL 


NOTE: Timing points are 90% (high) and 10% (low). 


SS tele) 


ADDRESS VALID 


~— ta(OE1) —s| 
| 
| 
| | 


ee ta(OE2) — <— tpxz = 


a | 


| DATA VALID 


HI-Z STATE 
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TMS 4710 JL,NL 


COMPLETE ASCII CHARACTER SET GENERATOR 


5x7 CHARACTER, 8x8 BLOCK 


LAS YHSLOVYVHO GSAV1dSIG NAGA 


S) 


HIA = L 
TIA =0 ‘3LON 


L O O 
L QO O 
0 0 0 
0 00 0 


80 eV pV GV oV 
LV 


QgV 
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TMS 4710 JL,NL 


COMPLETE ASCII CHARACTER SET GENERATOR 


5x7 CHARACTER, 8x8 BLOCK 


G3ANNILNOO 


BG ESSERE Oo tL O 


BOW pV GV QV 
LV 
QV 


6V 
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TMS 4710 JL,NL 


COMPLETE ASCII CHARACTER SET GENERATOR 


5x7 CHARACTER, 8x8 BLOCK 


GANNILNOOS 


0 0 1 

_ - oe 
80 LO 80cV pV GV 9V 

0 LV 

0 0) QgV 


e) 0 6V 
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TMS 4710 JL,NL 
COMPLETE ASCII CHARACTER SET GENERATOR 
5x7 CHARACTER, 8x8 BLOCK 


A8 


Al 


a6 AS a4 A3,, 
0 
0 
1 
1 
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MOS TMS 4732 JL, NL 
LSI 4096-WORD BY 8-BIT READ-ONLY MEMORY 


MAY 1977 


i i 24-PIN CERAMIC AND PLASTIC 
® 
exe Orgenizanion DUAL-IN-LINE PACKAGES 


e All Inputs and Outputs TTL-Compatible (TOP VIEW) 
e Fully Static (No Clocks, No Refresh) 


A7 Vcc 
e Single 5 V Power Supply AG mie 
e Maximum Access Time... 450 ns AS AQ 
e Minimum Cycle Time... 450 ns A4 CS2 or CS2 
e Typical Power Dissipation ... 580 mW A3 CS1 or CS1 
e 3-State Outputs for OR-Ties sie m1 @ 
© Pin Compatible with TMS 4700, TMS 2708 a ant 
and Intel 8316B Ao a8 
e Two Output Enable Controls for Chip Select 2) O7 
Flexibility Q2 a6 
e N-Channel Silicon-Gate Technology oe OS 
Vss a4 


description 


The TMS 4732 is a 32,768-bit read-only memory organized as 4096 words of 8-bit length. This makes the TMS 4732 
ideal for microprocessor based systems. The device is fabricated using N-channel silicon-gate technology for high speed 
and simple interface with bipolar circuits. 


All inputs can be driven directly by Series 74 TTL circuits without the use of any external pull-up resistor. Each output 
can drive one Series 74 or 74S load without external resistors. The data outputs are three-state for OR-tieing multiple 
devices on a common bus. Two chip select controls allow data to be read. These controls are programmable, providing 
additional system decode flexibility. The data is always available, it is not dependent on external CE clocking. 


The TMS 4732 is designed for high-density fixed-memory applications such as logic function generation and 
microprogramming. Systems utilizing the TMS 4700 1024 x 8-bit ROM or the TMS 2708 1024 x 8-bit EPROM can 
expand to the 4096 x 8-bit TMS 4732 with changes only to pins 18, 19, and 21. To upgrade from the 8316B, simply 
replace CS2 with A11 on pin 18. 


This ROM is supplied in 24-pin dual-in-line plastic (NL suffix) or ceramic (JL suffix) packages designed for insertion in “ 
mounting-hold rows on 600-mil centers. The device is designed for operation from OC to 70 C. g 


operation 
address (AO—A11) 
The address-valid interval determines the device cycle time. The 12-bit positive-logic address is decoded on-chip to 
select one of 4096 words of 8-bit length in the memory array. AO is the least-signifcant bit and A11 the most-significant 
bit of the word address. 
chip select (CS1 and CS2) 
Each chip select control can be programmed during mask fabrication to be active with either a high or a low level input. 


When both chip select signals are active, all eight outputs are enabled and the eight-bit addressed word can be read. 
When either chip select is not active, all eight outputs are in a high-impedance state. 


TEXAS INSTRUMENTS 


TMS 4732 JL, NL 
4096-WORD BY 8-BIT READ-ONLY MEMORY 


SSS SSS lS SSS HSENGSSSUSSGD 


data out (Q1—Q8) 


The eight outputs must be enabled by both chip select controls before the output word can be read. Data will remain 
valid until the address is changed or the outputs are disabled (chip deselected). When disabled, the three-state outputs 
are in a high-impedance state. Q1 is considered the least-significant bit, 8 the most-significant bit. 


The outputs will drive TTL circuits without external components. 


functional block diagram 


DATA OUTPUTS 
Q1—Q8 


cst a) CHIP SELECT LOGIC 
cs2 
Y 
A0—A4 YW aDDRESS Ee) Y DECODE oa ‘GATING 
BUFFER 
ADDRESS INPUTS 
x ia 
A5—Al11 ADDRESS X DECODE 4096 X 8 MEMORY MATRIX 
BUFFER 


absolute maximum ratings 


OUTPUT BUFFERS 


Supply voltage to ground potential (see Note 1) 
Applied output voltage (see Note 1) 6... cee b bebe nee eeees —0.5to7V 
Applied input voltage (see Note 1) 
Power dissipation 
Ambient operating temperature 
Storage temperature 


bea coh ae eas A oa ae whee geen teak ee ce hte nae pee Seen te 0°C to 150°C 
athe, Fs 6 and tee eee ote oll coh Mic ale tn atti, LF Nine A EP oh Me ued at —55°C to 150°C 


Note 1: Voltage values are with respect to Vss. 


recommended operating conditions 


PARAMETER 
Supply voltage, Vcc 
High-level input voltage, Vjy 
Low-level input voltage, Vy. 


Read cycle time, te(rg) 


Operating free-air temperature, Ta 
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TMS 4732 JL, NL 
4096-WORD BY 8-BIT READ-ONLY MEMORY 


electrical characteristics, TA = 0°C to 70°C, VDD = 5 V +5% (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN MAX | UNIT 
VOH_ High-level output voltage Veco =475V, 1QOH —200 nA 2.4 VCC 


VOL Low-level output voltage Vcc = 4.75 V, lot = 2mA 


I, Input current Vcc = 5.25 V, OV SVin X5.25 V UA 
Oz Output leakage current Vo = 0.4V to Vcc Chip deselected MA 
Icc Supply current from Voce Vec = 5.25 V, Vi =Vcc output not loaded mA 
= Tp = 25°C, | 
C; Input capacitance : Vo= 0%, A 7 | pF 
f = 1 MHz 
Vo = OV, Tp = 25°C, a. 
Co Output capacitance O . 7 10 pF 
f = 1 MHz 


switching characteristics, TA = 0°C to 70°C, Vcc = 5 V +5%, 1 series 74 TTL load, CL = 100 pF 


PARAMETER MIN MAX |UNITS 
ta(ad) Access time from address 450 ns 


ta(CS) Access time from chip select 200 ns | 
tpyx Previous output data valid after address change 450 ns 
tpxz Output disable time fromchip select 200 nS 


read cycle timing 


SS 


VIH 
ADDRESSES ADDRESSES VALID 
VIL 
I 7 
| 
mA 11 
CS1, CS2 It { 
t 
Vit es) | ted) ! 
bae———— ta(ad) tpy x—4 i tpXxzZ 
VOH 
a1-—as ees HZ Hi=2—— 
VoL 


a SSS aS sr, 
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TMS 4732 JL, NL 
4096-WORD BY 8-BIT READ-ONLY MEMORY 


PROGRAMMING DATA 


PROGRAMMING REQUIREMENTS: The TMS 4732JL, NL is a fixed program memory in which the programming is 
performed by 11! at the factory during manufacturing cycle to the specific customer inputs supplied in the format below. The 
device is organized as 4096 8 bit words with address locations numbered 0 to 4095. The 8-bit words can be coded as a 2-digit 
hexadecimal number between OO and FF. All data words and addresses in the following format are coded in hexadecimal 
numbers. In coding, all binary words must be in positive logic before conversion to hexadecimal. Q1 is considered the least 
significant bit and Q8 the most significant bit. For addresses, AO is least significant bit and A11 is the most significant bit. 


Every card should include the T! Custom Device Number in the form ZAXXXX (4 digit number to be assigned by TI) in 
columns 75 through 80. 


PROGRAMMABLE CHIP SELECTS: The chip select inputs shall be programmed according to the data punched in columns 
73 and 74. Every card should include in column 73 a 1 if the output is to be enabled with a high level at CS2 or a O (zero) to 
enable the output with a low level at CS2. The column 74 entry is the same for programming CS1. 


PROGRAMMED DATA FORMAT: The format for the cards to be supplied to TI to specify the data to be programmed is 
provided below. The card deck for each device consists of 128 cards with each card containing data for 32 memory locations. 


CARD COLUMN HEXADECIMAL FORMAT 
1to 3 Hexadecimal address of first word on the card 
4 Blank 
5 to 68 Data. Each 8-bit memory byte is represented by two ASCII characters to represent a hexadecimal 


value of ‘00’ to ‘FF’. 


69, 70 Checksum. The checksum is the negative of the sum of all 8-bit bytes in the record from columns 1 to 
68, evaluate modulo 256 (carry from high order bit ignored). (For purposes of calculating the 
checksum, the value of Column 4 is defined to be zero). Adding together, modulo 256, all 8-bit bytes 
from Column 1 to 68 (Column 4 = QO), then adding the checksum, results in zero. 


ie 72 Blank 
Ts One (1) to zero (0) for CS2 
74 One (1) or zero (0) for CS1 
75, 76 ZA 
77 to 80 XX XX (4 digit number assigned by T1) 
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MOS TMS 4033 JL, NL; TMS 4034 JL, NL; TMS 4035 JL, NL 
LSI 1024-WORD BY 1-BIT STATIC RANDOM-ACCESS MEMORIES 


BULLETIN NO. DL-S 7512189, OCTOBER 1974—REVISED MAY 1975 


e 1024 x 1-Bit Organization | 16-PIN CERAMIC AND PLASTIC 
e Static Operation (No Clocks, ee ee 


No Refresh) 


e Input Interface AG A7 
Fully Decoded AS AB 
TTL Compatible a 
Static Charge Protection ee = 
e Output Interface Al cE 
3-State A2 DATA OUT © 
Fan-out 1 Series 74 TTL Load 
OR-Tie Capability hs eyes 
e Access Time A4 Vec 
TMS 4033 JL, NL... 450 ns Max AO GND 


TMS 4034 JL, NL... 650 ns Max 
TMS 4035 JL, NL... 1000 ns Max 
e Interchangeable with Intel 2102-1, 
2102-2, and 2102 Respectively 
e N-Channel Silicon-Gate Technology 


description 


This series is a family of static random-access memories, each organized as 1024 one-bit words. Due to their static 
design, system overhead costs are minimized by elimination of refresh-clocking circuitry and by simplification of the 
timing requirements. In addition alf inputs and outputs are fully compatible with Series 74 TTL, including the single 
5-volt power supply. These memories are fabricated by means of the same technology employed with the TMS 4030 
JL, NL 4K RAM — N-channel silicon-gate. This technology provides optimum chip density and performance when cost 
is considered. Three performance ranges allow the designer to better match the memory to the specific system 
requirements, thereby maximizing the cost/performance trade-off. 


The TMS 4033, TMS 4034, and TMS 4035 are offered in 16-pin dual-in-line ceramic (JL suffix) and plastic (NL suffix) 
packages designed for insertion in mounting-hole rows on 300-mil centers. These devices are characterized for operation 
from 0°C to 70°C. 


operation 


Addresses (A0Q-A9Q) 


Address inputs are used to select individual storage locations within the RAM. Since the addresses are not latched, the 
address-valid time determines the cycle time during both the read and write cycle. Therefore, the address-valid time 
must be a minimum of 450 nanoseconds for the TMS. 4033, 650 nanoseconds for the TMS 4034, and 1000 
nanoseconds for the TMS 4035. The address inputs can be driven from standard Series 54/74 TTL with no external 
pull-up resistors. 


SR a a I TE DS. a a a a GT IT oS SP 
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TMS 4033 JL, NL; TMS 4034 JL, NL; TMS 4035 JL, NL 
1024-WORD BY 1-BIT STATIC RANDOM-ACCESS MEMORIES 


operation (continued) 


Chip Enable (CE) 

The CE input is used to enable the memory chip for a reading or writing operation. In a single-chip system, this pin can 
be hardwired to ground so that the chip is continuously enabled. For the read cycle, chip-enable low must extend past 
the address to ensure valid data for that address. Once the chip-enable goes high, the output buffer will immediately 
return to the high-impedance state. For the write cycle, chip-enable low must occur before the read/write input goes to 
the write state ensuring no ambiguity in the chip enabled for a particular write cycle. This input can be driven from 
Series 54/74 TTL with no external pull-up resistors. 


@ Read/Write (R/W) 


In the write mode prior to an address change, R/W must be in the read state (high level) and must remain in that state for 
a minimum period to eliminate the possibility of data being written into an unwanted location. The read/write input is 
TTL compatible without external pull-up resistors. 


Data In (DI) 


The DI input accepts the input data during the write mode. During a write cycle, data must be valid for a minimum 
time period before the read/write input is brought to the read state ensuring that proper data will enter the location 
selected. To eliminate any data ambiguity, data must be held valid past the end of the write pulse. 


Data Out (DO) 


Data out is a three-state terminal controlled by the chip-enable input, which supplies output data during a read cycle. A 
high level on chip enable places the data-out terminal in the high-impedance state. 


functional block diagram 


“ Sa 


FUNCTION TABLE 


ee SP aoe 
: 1 OF 32 32 ROWS BY 
A2 ae ll ROW 32 COLUMNS 
DECODE STATIC MEMORY 


STORAGE ELEMENTS 


: Aad H = HIGH LEVEL 
as eee L = LOW LEVEL 
Vee) Se 


GROUND 9 ————_—_—__» oa: 
a Sn 
cara Sa 
c {Sa 


READ/ 
WRITE 
CONTROL 


wo © orn foe] n coz] 
sa < 3 a: < 

ed a AU AG AGATA 
DATA OUT BUFFER 
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TMS 4033 JL, NL; TMS 4034 JL, NL; TMS 4035 JL, NL 
1024-WORD BY 1-BIT STATIC RANDOM-ACCESS MEMORIES 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) * 


Supply voltage, Vcc (see Note 1) 2. 2 2 2 2 ee ee 0.5 tO7V 
Input voltage (any input) (see Note 1). 2. 2. 2... ee ee ee ee . 60.5 107 V 
Continuous power dissipation. . 2... 0... ee eee TW 
Operating free-air temperature range . 2... ww 0°C to 70°C 
Storage temperature range. 2...) we —65°C to 150°C 


NOTE 1: Voltage values are with respect to the ground terminal. 

*COMMENT: Stresses beyond those listed under ‘‘Absoilute Maximum Ratings’’ may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions beyond those indicated in the ’‘Recommended Operating 
Conditions’’ section of this‘specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect 


device reliability. @ 


recommended operating conditions 


Supply voltage, Vcc 4.75 5 5.25 


High-level input voltage, Vy - 2.2 Vcc 


Low-level input voltage, Vit (see Note 2) ae 


~~ 


NOTE 2: The algebraic convention where the most negative limit is designated as minimum is used in this data sheet for logic voltage jevels only. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 
High-level output voltage 
Low-level output voltage io = 1.9mMA, Vec = 5.25 V 
Input current V,;=Oto 5.25 V 

Off-state output current, et 
high-level voltage applied 
Off-state output current, 
low-level voltage applied 


Vcc = 5.25 V, Dat t ; 
Supply current from Vcc A honk at 5.25V aa een 45 70 | ma | 


input capacitance Ta = 25°C, f= 1 MHz ee eee tee i GT 


Output capacitance Ta = 25°C, f=1MHz 


CE at 2.2 V, Vo=4V 


CE at 2.2 V, Vo =0.45V 


TAI! typical values are at Voc = 5 V, Ta = 25 C. 


conditions for testing timing requirements 


PAPUEIQNTEVEIS” a. eS we cee fe eee ck Om re. i EO Ee See eR EV 
putlow:levels: <4 Stace Te ih. Ber Ga es Ae de we oe Sa OO a a ae owe a oe OSV 
Input rise and fall times be 1S Ge at “vee ee OS hee ee ke , ee Se ike Sn wt 20 ns 
Output load Ce ee ee ee oe TD Series 74 TTL load, C; = 100 pF 
All timing requirements Ce ee ew. «650% point OF Waveform 


TEXAS INSTRUMENTS 


TMS 4033 JL, NL; TMS 4034 JL, NL; TMS 4035 JL, NL 
1024-WORD BY 1-BIT STATIC RANDOM-ACCESS MEMORIES 


read cycle timing requirements over recommended supply voltage range, TA = 0°C to 70°C 
(unless otherwise noted) 


TMS 4033 
PARAMETER 
MIN TYPt MAX | MIN TyYPt MAX | MIN TYPT MAX 


te(rd) Read cycle time 650 1000 
talad) ~ Access time from address 300 450 450 650 500 1000 


Access time from chip enable 200 


tpV (ad) Previous output data valid from address 


| tpHzortp_z Output disable time from chip enable 


t All typical values are at Voc =5 V, Ta = 25°C. 


| @ te(rd) 
ADDRESS ADDRESS VALID ; 
i 


| 
| 
t 
| ! 
| { 


—p) ¢—tPLz 


| 
<-—-——__—_—__—_ \\ad) tpV (ad) 


| 


PARAMETER 


te(wr) Write cycle time 


twiwe)_Write pulse width 400 
tsu (ad) Address setup time cE aa 200 


tsu (CE) Chip enable to write setup time 550 
tsu(da) Data-in to write setup time 300 450 


th(ad) Address hold time 


READ/WRITE / * # | 


—————— twiwr) )9 ————__hee pl — th(ag) 
| i 
| 


CHIP ENABLE 
j—___—_______ tsu(CE) cS oe ee | 
}~~—_—_—__—____—— tsu(da) | 
V\/ VV 
DATA.IN YYdonrcaneh XY DATA VALID : 
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MOS TMS 4036 JL, NL; TMS 4036-1 JL, NL; TMS 4036-2 JL, NL 
LSI 64-WORD BY 8-BIT STATIC RANDOM-ACCESS MEMORIES 


BULLETIN NO. DL-S 7512277, MAY 1975 


e 64 x 8 Organization 20-PIN CERAMIC AND PLASTIC 
DUAL-IN-LINE PACKAGES 
e Static Operation (No Clocks, No Refresh) isOPWiEW) 
e Compact 20-Pin 300-Mil Dual-in-Line Package 
e 3 Performance Ranges: 07 1/06 
ACCESS READ OR WRITE 
TIME CYCLE AS 1/05 
(MAX) (MIN) 
TMS 4036 1000 ns 1000 ns AO NC 
TMS 4036-1 650 ns 650 ns 
TMS 4036-2 450 ns 450 ns Al oa 
e Multiplexed Common Bus !/O 
e Input Interface ae OE 
Fully Decode 
ly Decoded ane Vee 
TTL Compatible 
Static Charge Protection Aa CE 
e Output Interface - 
A3 RW 
3-State 
Fan-Out 1 Series 74 TTL Load 1/00 1/03 
OR-Tie Capability 
© Power Dissipation... 450 mW Maximum ues oe 


e N-Channel Silicon-Gate Technology 
e 8-Bit Word Length Ideal for Microprocessor Based Systems 


description 


This series of static random-access memories is organized as 64 words of 8 bits. Data inputs and outputs are multiplexed 
on an 8-bit, bidirectional bus controlled by the combination of chip enable and output enable. Static design results in 
reduced overhead costs by elimination of refresh-clocking circuitry and by simplification of the timing requirements. In 
addition, all inputs and outputs are fully compatible with Series 74 TTL, including the single 5-volt power supply. The 
TMS 4036 series is manufactured using TI's reliable N-channel silicon-gate technology to optimize the cost/performance 
relationship. Readout is nondestructive and the output data polarity is not inverted from data-in. 


The TMS 4036 is offered in compact 20-pin ceramic (JL suffix) and plastic (NL suffix) dual-in-line packages designed 
for insertion in mounting-hole rows on 300-mil centers. The series is guaranteed for operation from OC to 70°C. 


operation 


addresses (A0-A5) 


The 6-bit address selects one of 64 8-bit words. The address-valid time determines cycle time during both the read and 
write cycles. The address inputs can be driven directly from standard Series 54/74 TTL with no external pull-up 
resistors required. 


60. TEXAS INSTRUMENTS 


TMS 4036 JL, NL; TMS 4036-1 JL, NL; TMS 4036-2 JL, NL 
64-WORD BY 8-BIT STATIC RANDOM-ACCESS MEMORIES 


operation (continued) 


chip enable (CE) 


The CE terminal is used to enable a specific memory device. If CE is low, the device is enabled for either a read or write 
cycle, depending on the state of the read/write and output-enable terminals. When CE is high, the I/O buffers are in the 
high-impedance state. CE may be driven from Series 74 TTL. For a more complete understanding of CE, see the section 
on output enable. 


read/write (R/W) 


The R/W input must be high during read and tow during write operations. Prior to an address change, R/W must be in 
the read state and must remain in that state for a minimum period to eliminate the possibility of data being written into 
an unwanted position. The R/W input is TTL-compatible and does not require external resistors. 


output enable (OE) 


The output enable terminal controls the I1/O buffer and determines whether the bus is in an input or output mode. 
When OE is low, the !/O terminals are in the input configuration; when OE is high, the |/O terminals are in the output 
configuration. The read cycle and write cycle timing diagrams show in detail the relation between CE, OE, and the 
other signals (refer to the function table). This input is also compatible with Series 74 TTL circuits. 


input/output buffer (1/00-1/07) 


Each of these terminals interface directly with the external data bus and have the capability of being both an input and 
an output buffer. These buffers are controlled by a combination of CE and OE as described in the output enable 
section. Each buffer is three-state and fully TTL compatible, both as an input and an output. 


functional block diagram 


FUNCTION TABLE 


AO di 
ad CG 64 ROWS BY OPERATION 
a 8 COLUMNS Not recommended 
A2 a Write (1/0 = 2) 
3 Read 
A3 © 
ar Device disabled (1/O = Z) 
a jo STATIC MEMORY Device disabled (1/O = 2) 
A5 - STORAGE ELEMENTS H = High 
lL = Low 
X = Irrelevant 
Z = High Impedance (Off) 
1/0 CONTROL 
AE 1/00 
os 1/01 
a am 1/02 
R - I 
u 03 \ 0 1/0 BUS 
a 1/04 
o 1/05 
- 1/06 
OE 1/07 


x OE BUFFER 


TEXAS INSTRUMENTS 


TMS 4036 JL, NL; TMS 4036-1 JL, NL; TMS 4036-2 JL, NL 
64-WORD BY 8-BIT STATIC RANDOM-ACCESS MEMORIES 


absolute maximum ratings Over operating free-air temperature range (unless otherwise noted) * 


Supply voltage, Vcc {see Notes 1 and 2) ee ee “ae me ea, Se a. Oe, AE ae, A —0.5to7V 

Input voltage (any input) (see Notes 1 and 2) Bet es GA, ee Ae eee OE a a a oa We —0.5to7V 

Operating free-air temperature range . 2.) ee 0°C to 70°C 

Storace temperature range: 4, 4- - «— £5 = «© « &% SG = w -S ow A ee ee 2 & Aon —65°C to 150°C 
NOTES: 


1. Voitage values are with respect to the ground terminal. 
2. For all combinations of inputs, the 1/O lines may be shorted to Vgg or Vcc for a period not to exceed five milliseconds. 


“Stresses beyond those listed under ‘“Absolute Maximum Ratings'’ may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the ‘Recommended Operating Conditions’’ 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


recommended operating conditions 


TMS 4036 TMS 4036-1 TMS 4036-2 
PARAMETER U 
MIN NOM MAX | MIN NOM MAX 


= 
+ 


Supply voltage, Voc 475 5 5.25 | 4.75 5 5.25 14.75 5 5.25 
Supply voltage, Vss 6) 0 8) 
High-level input voltage, ViH ow, Vec | 22 Vec | 2.2 Vec 
PUewieve input voltage, Vj, (see Note 3) —0.3 0.8 ;—0.3 0.8 
Read cycle time, te (rd) 1000 650 (450 | ns | 
[ Write cycle time, te(wr] 1000 650 450 | ons | 
Write pulse width, ty (wr) 500 300 2000 = sts 
Address setup time, tgy (ad) 450 300 200 | ons | 
| Chip-enable setup time, tsu(CE) 700 500 “400. | ms | 
Operating free-air temperature, Tp 0 70 0 70 


NOTE 3: The albegraic convention where the most negative limit is designated as minimum is used in this data sheet for logic voltage tevels only. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


[| PARAMETER | TeESTCONDITIONS =~] MIN MAX _| UNIT | 
Vou _towlevel outpurvolwage sd FOL 19 mA, voc =475vV «| Ct 
R/W,CE, or OE 
V9 = 5.25 V, OE at OV, 
on Off-state output current, high-level voltage Vo =5.25V, OE at 5.25 V, po Ar 
applied at I/O terminal . CEat2.2V 
Vo = 5.25 V, OE at 0.8 V, 
Vo =OV, OE at 5.25 V, 
| Off-state output current, low-level voltage CE at 2.2 V 100 
| loZL applied at !/O terminal Vo =OV, OE at 0.8 V, 100 an 
CE atOV 
ico _SuppivcuentfromVecSC*dSSSCSSC~‘“CSCSCSCSCSSSSSS 8 
fc, Input capacitance ——=SS=S~*~=“*‘“*~*~*dtC SMe, Tec SC*dYSCOC“‘“‘CC™CO#NO’™*C’COF* 
[cife VO terminal capacitonce «|= TMM, Tqnasc «| S| 


TEXAS INSTRUMENTS 


TMS 4036 JL, NL; TMS 4036-1 JL, NL; TMS 4036-2 JL, NL 
64-WORD BY 8-BIT STATIC RANDOM-ACCESS MEMORIES 


switching characteristics over recommended supply voltage ranges, T, = 0°C to 70°C 


“TMS 4036 ‘TMS 4036-1 TMS 4036-2 


MIN TYPt MAX | MIN TYPt MAX | MIN TYPt MAX 


650 450 
ta(CE) Access time from chip enable 190 180 ns 


t3(OE) Access time from output enable 180 
tpxz Output disable time from chip enable 0 60 60 200 60 200 


tpxz Output disable time from output enable (see Note 4) 0 60 60 200 60 200 ns 


PARAMETER UNIT 


ta(ad) Access time from address 


NOTE 4: This parameter defines the delay for the I/O bus to enter the input mode. 
TAIL typical values are at Ta = 25 C. 


S read cycle timing 

oo id) SS 

ADDRESS, A0:-A5 K ADDRESS VALID * 
: | 
| 

READ/WRITE, R/W / | ek i | 
| | > tpXxZ 

| 


| 
CHIP ENABLE, CE C bow cant Ck | | | 


| ~— th(ad) +> 


| 
| 
OUTPUT ENABLE, OE | | | 
| 
| 


b— Cre ke tpxz =— 


write cycle timing 


eee ee eee te(wr) ee ee 

ADDRESS, AO-A5 * ADDRESS VALID * 
| a nn 

| 


> <-_—___ tsu(ad) — > >| *h(ad) 


READMRITE, R/W i. Cr, Ae 
eget st ae 


SS tsu(CE) 


CHIP ENABLE, CE DON’T CARE | 


OUTPUT ENABLE, OE SK | | 


letexzeg tsu(da). ——————_——_ | 


NOTE: For measuring timing requirements and characteristics, Vjyy = 2.2 V, Vy, = 0.65 V, ty = te = 20 ns and all timing points are 50% points. 


TEXAS INSTRUMENTS 


MOS TMS 4039 JL, NL; TMS 4039-1 JL, NL; TMS 4039-2 JL, NL 
LSI 256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES 


MAY 1975 


BULLETIN NO. DL-S 7512271, 


e 256 x 4 Organization 22-PIN CERAMIC AND PLASTIC 
DUAL-IN-LINE PACKAGES 
(TOP VIEW) 


e Static Operation (No Clocks, No Refresh) 


e 3 Performance Ranges: 


ACCESS READ OR WRITE A3 Voc 
TIME CYCLE 
(MAX) (MIN) aa a 
TMS 4039 1000 ns 1000 ns Al R/W 
TMS 4039-1 650 ns 650 ns — 
TMS 4039-2 450 ns 450 ns AO Ce 
e Input Interface AS OE 
Fully Decoded AG CE2 
TTL-Compatible ag p04 
Static Charge Protection 
GND pla 
e Output Interface 
Two Chip-Enable Inputs for OR-Tie Capability ca Eos 
Fan-out to 1 Series 74 TTL Load © bO1 DI 
3-State Outputs and Output Enable Control DI2 DO2 


for Common 1/O Data Bus Systems 
e Power Dissipation. ..175 mW Typical 
e Organized for Microprocessor-Based Systems 
e Interchangeable with Intel 2101, 2101-2, and 2101-1, Respectively 


description 


This series of static random-access memories is organized as 256 words of 4 bits. Static design results in reduced 
overhead costs by elimination of refresh-clocking circuitry and by simplification of timing requirements. All inputs and 
outputs are fully compatible with Series 74 TTL, including the single 5-volt power supply. The TMS 4039 series is 
manufactured using Tl’s reliable N-channel enhancement-type silicon-gate technology to optimize the cost/performance 
relationship. Readout is nondestructive and output data is not inverted from data in. 


The TMS 4039 series is offered in 22-pin dual-in-line ceramic (JL suffix) and plastic (NL suffix) packages designed for 
insertion in mounting-hole rows on 400-mil centers. The series is characterized for operation from O°C to 70°C. 


operation 


addresses (A0-A7) 


The eight address inputs select one of 256 4-bit words. The address inputs can be driven directly from standard Series 
54/74 TTL with no external pull-up resistors. 


chip enable (CE1 and CE2) 


To enable the device, CE1 must be low and CE2 must be high. The two chip-enable terminals can be driven from a 
common source with an inverter or either terminal can be hard wired to its enabled level. When the memory is disabled, 
data cannot be entered and the outputs are in the high-impedance state. 


TEXAS INSTRUMENTS 


TMS 4039 JL, NL; TMS 4035-1 JL, NL; TMS 4039-2 JL, NL 
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES 


operation (continued) 


read/write (R/W) 


The R/W input must be high during read and low during write operations. Prior to an address change, R/W must be in 
the read state and must remain in that state for a minimum period to eliminate the possibility of data being written into 
an unwanted position. The R/W input is TTL-compatible and does not require external resistors. 


output enable (OE) 


The output enable must be low to read for when it is high the outputs are in the high-impedance state useful for 
OR-ties or common input/output operation. When the device is not used in the common-input/output configuration, 
the output enable terminal can be hard wired low. 


data in (DI1-DI4) 


The DI inputs accept input data during a write operation. During a write cycle, data must be set up a minimum time 
before RAW goes to the read state (high) to ensure that correct data will enter the addressed memory cell. Also, input 
data must be held valid a minimum time after the rise of R/W. 


data out (DO1-D04) 


Data out is a three-state terminal controlled by OE, CE1, and CE2. To read data, CE1 and OE must be low with CE2 
high. When OE or CE1 goes high or CE2 goes low, the output terminals are forced to the high-impedance state. 


functional block diagram 


FUNCTION TABLE 


AO >a Cia Read Ks OPERATION 
H Write (DO = ?) 
Al | H 7 Write (DO = Z) 
CELL ARRAY 4H |. | Read 
A2 > ey ROW SELECT 32 ROWS X | X | Device Disabled (DO = Z) 
32 COLUMNS tL | X | Device Disabled (DO = Z} 
xX | H isabled (DO = Z) 
A3 > ey Device Disabled ( 
H = High 
alo L = Low 


X = Irrelevent 
Z = High Impedance 
? = Indeterminate 


> eee 
COLUMN I/O CIRCUITS 
COLUMN SELECTOR 


R/W Ree sd 
ee > 
p12 —1e 
cot Sac D> Seana 
eee pasar 


INPUT 
DATA 
CONTROL 


TEXAS INSTRUMENTS 


66 


TMS 4039 JL, NL; TMS 4039-1 JL, NL; TMS 4039-2 JL, NL 
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) * 


Supply voltage, Vcc (see Note 1) i te, Bl: wa a ae a ee ee ee te Se a eG —0.5to7V 
Input voltage (any input) (see Note 1)... ew ee AOE tO7V 
Continuous power dissipation’ 2-4. 4 « i <6 ¢ aoe koe A Aw Boe Bee ee Se we Se Se TW 
Operating free-air temperature range 2. 2... ew 0°C to 70°C 
Storage temperature range . . 2... we —65°C to 150°C 


NOTE 1: Voltage values are with respect to the ground terminal. 

*Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the ‘’Recommended Operating Conditions” 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


recommended operating conditions 


TMS 4039 TMS 4039-1 TMS 4039-2 
uta Pin NOM MAX [MIN NOM MAX [MIN NOM Max | UN 


Lowlevel input vohoge, Vi, GeeNow a —~*~“‘“‘*~*sdCOS:SC~*~*~«t ROS [OSS 
Read eee time, eg) ——SS*C~=<“CS*~“<~<CSCStitSCS~dt OSSCSC*d OSC 
Write evel time, tele 1000 es 
ps0 [80800 
[400] 
a 
soi ne 
[400 | 


NOTE 2: The algebraic convention where the most negative limit is designated as minimum is used in this data sheet for logic voltage levels only. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


Vou Lowlevel ousputvottage ———~dt ion =2mA,Vec=525V_—~| SSCSC~—S BST 
hy Inputeurrent ——sC=C“‘“‘sS~S*S*dSCysOtoSaeVSC~*dSCC‘“‘CSC™C™*™*C*C~*SRNO* A 


Off-state output c t, high-level — 
Cer state pipe current, high-leve CE at22V, Vo=4V Ea 
voltage applied 
2 = | — 
ieee Off-state paeaies current, low-leve CE at2.2V, Vo =0.45V —50 pA 
voltage applied 


lac Sueaivcuenteravee [Wee=b2a Vs bo Taree de eg OO A 
Ig =0mA 


Vir OV, TA =25°C, 
Cj Input capacitance ,=0 A 
f= 1 MHz 
Vo =OV, Ta = 25°C, 
Co Output capacitance o=0V A=25C ; + 
f= 1 MHz 


T Atl typical values are at Vcc = 5 V, Ta = 25 C. 


switching characteristics over recommended supply voltage range, Ta = 0°C to 70°C, 1 Series 74 TTL load, 
CL = 100 pF ; . 


TMs 4033 [ TMS 4038.1 
PARAMETER — a UNIT 
min Max | MIN MAX | MIN MAX 


IE eee AB eelibae 1000 | es | 450 

eee 800 | too | 880 

HeLa 700 | HO] 
! ie a eee 

200 


toV (ad) Previous output data valid after address change 
tpxzZ Output disable time from output enable (see Note 3) | =o 200} 0 150) @) 150 


NOTE 3: With the outputs OR-tied to the inputs, this parameter defines the delay for the I/O bus to enter the input mode. 


TEXAS INSTRUMENTS 


TMS 4039 JL, NL; TMS 4035-1 JL, NL; TMS 4039-2 JL, NL 
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES 


read cycle timing 
se te(rd) +> 
| | 


| 


CHIP ENABLE 2, CE2 


Me ta(cey—> | 


| | 
— | : 
OUTPUT Ne OE | | tov (ad) Spang 


! | 

| <q tpxz —_____p| 
) ta(OE) —-—— | | 
| 


<?—___-_-——— ta(ad) ———_——_ 


write cycle timing 
$$$ te(wr) ——_________________» 
] 


| 
ADDRESS, A0-A7 ADDRESS VALID 
| 


}—————#>1-tsu (ad) sage aa —+ 
| 


ca tw (wr) ——! 


, = . | | 
CHIP ENABLE 1,CE1 OOOO | rad OCC CCE 
| 
} tsu(CE) ead 
cnwenaater.ce2 XXXXKXKXM | XXKXXXXXKK) 
; | 
OUTPUT ENABLE, OE ee A ee 


| ore th(da)—— 
DATA IN, DI1-D14 OCC ECC CECEE 


NOTE: For measuring timing requirements and characteristics, Vj}y = 2.2 V, Vii = 0.65 V, ty = te = 20 ns and all timing points are 50% points. 


READ/WRITE, R/W 


TEXAS INSTRUMENTS 
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MOS TMS 4042 JL, NL; TMS 4042-1 JL, NL; TMS 4042-2 JL, NL 
LSI 256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES 


BULLETIN NO. DL-S 7512269, MAY 1975 


e 256 x 4 Organization 18-PIN CERAMIC AND PLASTIC 
*. ‘Common lO DUAL-IN-LINE PACKAGES 
(TOP VIEW) 
e 18-Pin Package 
e Static Operation (No Clocks, No Refresh) A3 (1 Vec 
e 3 Performance Ranges: 
ACCESS READOR WRITE A2 2 A4 
TIME CYCLE be 
(MAX) (MIN) mY. <3 Ry 
TMS 4042 1000 ns 1000 ns nO. 2 Bei 
TMS 4042-1 650 ns 650 ns 
TMS 4042-2 450 ns 450 ns A5 5 1/04 
e Input Interface 
AB 6 1/03 
Fully Decoded 
TTL-Compatible A7 7 1/02 
Static Charge Protection GND 8 1/01 
e Output Interface — _ 
OE 9 CE2 


Two Chip-Enable Inputs for OR-Tie Capability 
Fan-out to 1 Series 74 TTL Load 
3-State Outputs and Output Enable Control 
for Common 1|/O Data Bus Systems 
e Power Dissipation . .. 175 mW Typical 
Organized for Microprocessor-Based Systems 


e Interchangeable with Intel 2111, 2111-2, and 2111-1, Respectively 


description 


This series of static random-access memories is organized as 256 words of 4 bits. Static design results in reduced 
overhead costs by elimination of refresh-clocking circuitry and by simplification of timing requirements. The use of 
common input/output terminals, controlled by the chip enable and output enable terminals, allows the use of an 18-pin 
package and saves board space in comparison to the TMS 4039. The common input/outputs are fully compatible with 
Series 74 TTL. The device requires a single 5-volt power supply. The TMS 4042 series is manufactured using TI's 
reliable N-channel enhancement-type silicon-gate technology to optimize the cost/performance relationship. Readout is 
nondestructive and output data is not inverted from data in. 


The TMS 4042 series is offered in 18-pin dual-in-line ceramic (JL suffix) and plastic (NL suffix) packages designed for 
insertion in mounting-hole rows on 300-mil centers. The series is characterized for operation from OC to 70°C. 


operation 


addresses (A0-A7) 


The eight address inputs select one of 256 4-bit words. The address inputs can be driven directly from standard Series 
54/74 TTL with no external pull-up resistors. 


chip enable 1 and chip enable 2 (CE1 and CE2) 


To enable the device, CE1 and CE2 must be low. The two chip-enable terminals can be driven from a common source 
or either terminal can be hard wired low. When the memory is disabled, data cannot be entered and the outputs are in 
the high-impedance state. 


TEXAS INSTRUMENTS 


TMS 4042 JL, NL; TMS 4042-1 JL, NL; TMS 4042-2 JL, NL 
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES 


operation (continued) 


read/write (R/W) 


The R/W input must be high during read and low during write operations. Prior to an address change, RAW must be in 
the read state and must remain in that state for a minimum period to eliminate the possibility of data being written into 
an unwanted position. The R/W input is TTL-compatible and does not require external resistors. 


output enable (OE) 


The output enable must be low to read for when it is high the outputs are in the high-impedance state. 


input/output (1/01-1/04) 


The common input/output terminals are used for both read and write operations. During a write cycle, data must be set 
up a minimum time before R/W goes to the read state (high) to ensure that correct data will enter the addressed 
memory cell. Also, input data must be held valid a minimum time after the rise of RAW. 


The output buffers are three-state and are controlled by OE, CE], and CE2. The input buffers are controlled by R/W, 
CE1, and CE2. To read data, CE1, CE2, and OE must be low. If any one of these three inputs goes to the high level, 
the output terminals are forced to the high-impedance state. The common 1|/O terminals can be driven directly by 
Series 74 TTL and the buffers can drive Series 74 TTL circuits without external resistors. 


functional block diagram 


FUNCTION TABLE 
ao = 
OPERATION - 
a pa Not recommended 
ROW MEMORY ARRAY Write (1/0 = 2) 
a2 Pam cae 32 ROWS Read ee 
, Device Disabled = 
A3 | oz COLUMNS Device Disabled (I/O = Z) 
v Device Disabled (I/O = Z) 
A4 H = High 
Lo es 


-X = Irrelevant 


Z = High Impedance 


ve 

1/01 Pa COLUMN SELECT 
pam INPUT 

1/02 >| OATA fe R R 

CONTROL 

1/03 

1/04 

CE1 

CE2 

OE 


TEXAS INSTRUMENTS 
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TMS 4042 JL, NL; TMS 4042-1 JL, NL; TMS 4042-2 JL, NL 
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) * 


Supply voltage, Vcc (see Note 1) AY ke oY te Be ae as eae a, ee ee oe ce ie ae —0.5to7V 
Input voltage (any input) (see Note 1) eee dt oe “sos ar. So ew ak “A 2d ee eG OS cas SE —0.5to7V 
Continuous power dissipation . . 2... ee ee TW 
Operating free-air temperature range . 2... wee OC to:70 C 
Storage temperature range =: sw -d.-s & S & Bow we Mh OM Ae me See a eG —65°C to 150°C 


NOTE 1: Voltage values are with respect to the ground terminal. 

*Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only ana 
functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions” 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


recommended operating conditions 


TMS 4042 TMS 4042-1 TMS 4042-2 
PARAMETER UNIT 
MIN NOM MAX | MIN NOM MAX | MIN NOM MAX 


Supply voltage, Vcc 4.75 5 5.25 | 4.75 5 5.25 14.75 5 5.25 
2.2 Vcc 2.2 Vcc 


2.2 Vv 
cc 


High-level input voltage, Viv 


Low-level input voltage, Vj, (see Note 2) 


Read cycle time, te(rd) 


NOTE 2: The algebraic convention where the most negative limit is designated as minimum is used in this data sheet for logic voltage levels only. 


electrical characteristics over recommended cperating free-air temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYPt ~=MAX._[UNIT 
VOH High-level output voltage lod =—150HKA, Voc = 4.75 V 


V 
VOL Low-level output voltage lot = 2mA, Veer s.2e:-V 0.45 Vv 
— SEEDS S| 
' Input current V;=0to 5.25 V +10 LA 
Off-state output current, high-level iat 
107H ; CE at 2.2 V, Vo=4V 15 uA 
voltage applied 
| Off-state output current, low-level oa 
OZL ‘ CE at 2.2 V, Vo =045Vv —~50 uA 
voltage applied 
Vcc = 5.25 V, Ta = 25°C | 60 
lec Supply current from Vcc 5 a aa —————_ mA 
lo =OmA Ta=O0C | 70 
V,=0V, Ta = 25 C, 
C; Input capacitance 4 8 pF 
f = 1 MHz 
a ND el 
Vo=O0V, Ta =25C, 
Co Output capacitance 10 15 pF 
f = 1 MHz 


T All typical values are at Veg = 5 V, Ta = 25 C. 
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TMS 4042 JL, NL; TMS 4042-1 JL, NL; TMS 4042-2 JL, NL 
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES 


switching characteristics over recommended supply voltage range, T , = O°C to 70°C, 1 Series 74 TTL load, 
C, = 100 pF 


PARAMETER 
MIN MAX MIN MAX 


Access time from address 1000 


Access time from chip enable CE1 or CE2 


tp V (ad) Previous output data valid after address change 


Access time from output enable >} so 


Output disable time from output enable (see Note 3) 


e NOTE 3: This parameter defines the delay for the |/O bus to enter the input mode. 


read cycle timing 
‘$$. te(rd) +» 


ADDRESS, A0-A7 ADDRESS VALID 
| 


| | 
CHIP ENABLE 2, CE1, CE2 
e—— ta(GE) —» ) 


| | 
OUTPUT ENABLE, OE | | tDViad)-t¢——> 
| 


| texz 
| | an ——+| 
| 


INPUT/OUTPUT, 1/01-1/04 DATA cee, 


}?¢—_—_—_———— ta(ad) i gl 


ta(OE) +> 


write cycle timing 


je¢— tee) 
ADDRESS, A0-A7 < ss mponessvatio = < ss mponessvatio = 
*sulad) }+———— th(ad) ——— 
= tw(wr) 
READ/WRITE, R/W 


j<—— tsu(GE) ——e> 


CHIP ENABLE 1 AND 
CHIP ENABLE 2, CE1, CE2 


| 
OOOO OOEO6 
OUTPUT ENABLE, OE a a 


se —= thida) —+| 


XXXKKXX OOK __earavanio 


NOTE: For measuring timing requirements and characteristics, Vin ° 2.2 V, Vie” 0.65 V, t, te - 20 ns and all timing points are 50% points. 


INPUT/OUTPUT, 1/01-1/04 
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MOS TMS 4043 JL, NL; TMS 4043-1 JL, NL; TMS 4043-2 JL, NL 
LSI 256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES 


BULLETIN NO, DL-S 7512270, MAY 1975 


e 256 x 4 Organization 16-PIN CERAMIC AND PLASTIC 
e “Commando DUAL-IN-LINE PACKAGES 
e (TOP VIEW) 
© 16-Pin Package 
e Static Operation (No Clocks, No Refresh) A3 Vcc 
e 3 Performance Ranges: A2 AA 
ACCESS READ OR WRITE = 
TIME CYCLE Al R/W 
(MAX) (MIN) ms 
ee AO CE 
TMS 4043 1000 ns 1000 ns 
TMS 4043-1 650 ns 650 ns AS 1/04 
TMS 4043-2 450 ns 450 ns 
AG 1/03 
e Input Interface 
Fully Decoded A7 02 
TTL-Compatible GND Vo1 


Static Charge Protection 
e Output Interface 
Chip-Enable Input and 3-State Outputs for OR-Tie 
Capability in Common !/O Data Bus Systems 
Fan-out to 1 Series 74 TTL Load 
e Power Dissipation... 175 mW Typical 


e Organized for Microprocessor-Based Systems 


e TMS 4043 and TMS 4043-1 Are Interchangeable with Intel 2112 and 2112-2, Respectively 
description 


This series of static random-access memories is organized as 256 words of 4 bits. Static design results in reduced 
overhead costs by elimination of refresh-clocking circuitry and by simplification of timing requirements. The use of 
common input/output terminals, controlled by the chip enable and read/write terminals, allows the use of a 16-pin 
package and saves board space in comparison to the TMS 4039 or TMS 4042. The common input/outputs are fully 
compatible with Series 74 TTL. The device requires a single 5-volt power supply. The TMS 4043 series is manufactured 
using Tl’s reliable N-channel enhancement-type silicon-gate technology to optimize the costferformance relationship. 
Readout is nondestructive and output data is not inverted from data in. 


The TMS 4043 series is offered in 16-pin dual-in-line ceramic (JL suffix) and plastic (NL suffix) packages designed for 
insertion in mounting-hole rows on 300-mil centers. The series is characterized for operation from OC to 70°C. 


operation 


addresses (A0-A7) 


The eight address inputs select one of 256 4-bit words. The address inputs can be driven directly from standard Series 
54/74 TTL with no external pull-up resistors. 


chip enable (CE) 


To enable the device, CE must be low. When the memory is disabled, data cannot be entered and the outputs are in the 
high-impedance state. 


TEXAS INSTRUMENTS 


TMS 4043 JL, NL; TMS 4043-1 JL, NL; TMS 4043-2 JL, NL 
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES 


operation (continued) 


read/write (R/W) 


The R/W input must be high during read and low during write operations. Prior to an address change, R/W must be in 
the read state and must remain in that state for a minimum period to eliminate the possibility of data being written into 
an unwanted position. The R/W input is TTL-compatible and does not require external resistors. 


input/output (1/01-1/04) 


The common input/output terminals are used for both read and write operations. During a write cycle, data must be set 
up a minimum time before R/W goes to the read state (high) to ensure that correct data will enter the addressed 
memory cell. Also, input data must be held valid a minimum time after the rise of R/W. 


The output buffers are three-state and they are controlled by CE and RW. If CE goes high or RWW goes low, the output- 
terminals are forced to the high-impedance state. The input buffers are also controlled by CE and RW. To read data, 


CE must be low and R/W high. The common I/O terminals can be driven directly by Series 74 TTL and the buffers can 
drive Series 74 TTL circuits without external resistors. 


functional block diagram 


FUNCTION TABLE 
AO ae 
OPERATION 
= Pla Write (1/O = 2) 
ROW MEMORY ARRAY Read 

A2 

Pa SELECT Posaniees Device disabled (1/O = Z) 
A3 >| H = High 

P: L = Low 

X = irrelevant 

ms | Z = High Impedance 


COLUMN 1/O CIRCUITS 
COLUMN SELECT 


[X As 


1/01 


> ame 


1/04 


INPUT DATA 
CONTROL 


CE 
R/W 
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TMS 4043 JL, NL; TMS 4043-1 JL, NL; TMS 4043-2 JL, NL 
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) * 


Supply voltage, Vcc fsee Note 1) eo owe SY ae coe ok ke SS ai, ok ot i ce Oe —0.5to7V 
Input voltage (any input) (see Note 1) oe eM ccs ee. ele Bee Se ee a ee ee es eG —0.5to7V 
Continuous power dissipation 2...) we ee TWh 
Operating free-air temperature range . . 2. 2... 0°C to 70°C 
Storage temperaturerange . . . . . . eee ee 665°C to 150°C 


NOTE 1: Voltage values are with respect to the ground terminal. 

“Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the ‘’Recommended Operating Conditions’ 
section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


recommended operating conditions @ 


TMS 4043 TMS 4043-1 TMS 4043-2 
PARAMETER UNIT 
MIN NOM MAX | MIN NOM MAX | MIN NOM MAX 
Supply voltage, Voc 4.75 56 525/475 5 5.25 /475 5 5.25 


High-level input voltage, ViH 2.2 Vec | 2.2 Vec | 2.2 Vcc 
Low-level input voltage, Vj, (see Note 2) ~—0.5 0.65 | —0.5 0.65 |—0.5 0.65 
Read cycle time, te(rq) 1000 650 ee ee 


Write cycle time, te(wr) 1000 650 

Address setup time, tsy (ad) 150 | 100 es 50 ns 

Chip-enable setup time, tsy (GE) Rtv et ne 0 ns 
50 


Address hold time, th(aqg) 


Chip-enable hold time, thiCE) aa (ane a 
Data hold time, th(da) 100 50 ns 
Operating free-air temperature, TA 0 70 0 70 0 70 


NOTE 2: The algebraic convention where the most negative limit is designated as minimum is used in this data sheet for logic voltage levels only. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 
High-level output voltage . 


Low-level output voltage lot =2mMA, Vcc = 9.25 V 
Input current V;=O0to 5.25 V 

Off-state output current, high-level — 
; CE at 2.2 V, Vo=4V 
voltage applied 

Off-state output current, low-level 


| CE at 2.2 V, Vo = 0.45 V 
OZL voltage applied 0 


Vv =5§.25V, T 25 C 
Supply current from Vcc ce a 


alae 
ce Io =OmA TaA=0C 


Input capacitance 


Co Output capacitance 


tT All typical values are at Vcc = 5 V, Ta = 25 C. 


TEXAS INSTRUMENTS 


TMS 4043 JL, NL; TMS 4043-1 JL, NL; TMS 4043-2 JL, NL 
256-WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES 


switching characteristics over recommended supply voltage range, T A™ 0°C to 70°C, 1 Series 74 TTL load, 
C, = 100 pF 


PARAMETER 


Output disable time from chip enable (see Note 3) 


tpxz Output disable time from read/write (see Note 3) 


& NOTE 3: This parameter defines the delay for the |/O bus to enter the input mode. 


read cycle timing 


‘——_$§!_—_—_£——_——— tera) ERA ERECT og 


ADDRESS, A0-A7 : ADDRESS VALID 
| 


= | 
) \~<—— ta(CE) ae tov (ad) i > 
| 


beg eea acc he tpxz —p 
es) ———> + , 


INPUT/OUTPUT, 1/01-1/04 | DATA VALID 


write cycle timing 


fe te(wr) os —§_r| 


| | 
ADDRESS, A0-A7 ADDRESS VALID 
| 


panes tsu(ad) ——— thiad) ————>| 


READ/WRITE, R/W Y # 
© —>| bei leet nice) 
| 


| | 
OOOO - AKXXKXKKKXXK 
| teglaa . 
je — ale = ——— tnldo) —>4 
wrurioururvoros — KXKXXXXXXKMRK __patavauio OK XXX 


NOTE: For measuring timing requirements and characteristics, Vjjy = 2.2 V, Vic = 0.65 V, ty = te = 20 ns and all timing points are 50% points. 


CHIP ENABLE, CE 
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TMS 4044, -45, -30, -25, -20, -15 JL, NL 
MOS TMS 4046, -45, -30, -25, -20, -15 JL, NL 
LSI 4096 WORD BY 1-BIT STATIC RAMs 


e 4096 x 1 Organization TMS 4044 
. 18-PIN CERAMIC AND PLASTIC 
ce) 
e Single +5 V Supply (+ 10% Tolerance) DUALANGL INE PACKAGES 
e High Density 300-mil 18- and 20-Pin Packages (TOP VIEW) 
e Fully Static Operation (No Clocks, No Refresh, Ap 1 18 Vcc 
No Timing Strobe) 
Ai 2 17. Ag 
e 5 Performance Ranges: He 
ACCESS READ OR WRITE a Way 
TIME CYCLE A3 4 15 Ag 
(MAX) (MIN) Aa 5 14 Ag 
TMS 4044-45/4046-45 450 ns 450 ns 
TMS 4044-30/4046-30 300 ns 300 ns As §& 13 A10 
TMS 4044-25/4046-25 250 ns 250 ns Q 7 12 Aq 
TMS 4044-20/4046-20 200 ns 200 ns ok oar 
TMS 4044-15/4046-15 150 ns 150 ns 
e All Inputs and Outputs Fully TTL-Compatible Vss 9 YS 
¢ Common |/O Capability 
e Output Interface TMS 4046 
3-State Outputs and Chip Select Control for 20-PIN CERAMIC AND PLASTIC 
OR-Tie Capability DUAL-IN-LINE PACKAGES 
: TOP VIEW 
Fan-Out to 1 Series 74 or 74S TTL Load 
Si tak 20 Vv 
e Power Dissipation ee 4 el 
TYPICAL MAX Ago 2 19 Vcc2 
TMS 4044/46-25, -30, -45 250 mW 495 mW A, 3 18 Ag 
TMS 4044/46-20, -15 400 mW 649 mW 
P . : A2 4 17. AZ 
e 400 mV Guaranteed d.c. Noise Immunity with 
Standard TTL Loads — No Pull-Up Resistors A3 5 16 Ag 
Required Ag 6 15 Ag 
description BS 4 A10 
Q 8 13. Ai 
This series of static random-access memories 1s wos Rs 
organized as 4096 words of 1 bit. Static design results 7 
in reduced overhead costs by elimination of refresh- Vss 10 1. 


clocking circuitry and by simplification of timing 
requirements. Because this series is fully static, chip 
select may be tied low to further simplify system 
timing. Output data is always available during a read 
cycle. 


| PINNAMES 


All inputs and outputs are fully compatible with 
Series 74 or 74S TTL. No pull-up resistors are 


required. The TMS 4044/4046 series is manufactured Vec1 #3 NOUPDIY 
using Tl’s reliable N-channel silicon-gate technology (array only) 
+5 V Supply 


to optimize the cost/performance relationship. The 
single 5volt power supply is also used to retain data 
in a reduced power standby mode. For the 
TMS 4046, Vcc2 powers only the periphery circui- 
try. Consequently it is not required to maintain data 
during standby operation. 


Vv 
GGe (periphery only) 


Vss ; Ground 
WwW Write Enable 
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TMS 4044, -45, -30, -25, -20, -15 JL, NL 
TMS 4046, -45, -30, -25, -20, -15 JL, NL 
4096 WORD BY 1-BIT STATIC RAMs 


STANDBY OPERATION 
(TYPICAL SUPPLY VALUES) 


DEVICE SUPPLY OPERATING STANDBY 


Vcc) 15 V +2.4V 
Vec2 acd ie 


The TMS 4044 series and the TMS 4046 series are offered in 18-pin and 20-pin respectively dual-in-line ceramic (JL 
suffix) and plastic (NL suffix) packages designed for insertion in mounting-hole rows on 300-mil centers. The series is 
@ guaranteed for operation from O°C to 70°C. 


operation 


addresses (A0-A11) 

The twelve address inputs select one of the 4096 storage locations in the RAM. The address inputs must be stable for 
the duration of a write cycle. The address inputs can be driven directly from standard Series 54/74 TTL with no 
external pull-up resistors. 


chip select (S) | 

The chip-select terminal, which can be driven directly from standard TTL circuits,’ affects the data-in and data-out 
terminals. When chip select is a logic low, both terminals are enabled. When chip select is a logic high, data-in is 
inhibited and data-out is in the floating or high-impedance state. . 


write enable (W) 

The read or write mode is selected through the write enable terminal. A logic high selects the read mode; a Jogic low 
selects the write mode. W must be a logic high when changing addresses to prevent erroneously writing data into a 
memory location. The W input can be driven directly from standard TTL circuits. 


data-in (D) 
Data can be written into a selected device when the write enable input is a logic low. The data-in terminal can be driven 
directly from standard TTL circuits. 


data-out (Q) 

The three-state output buffer provides direct TTL compatibility with a fan-out of one Series 74 TTL gate or one Series 
74S TTL gate. The output is in the high-impedance state when chip select (S) is high or whenever a write operation is 
being performed, facilitating device operation in common I/O systems. Data-out is the same polarity as data-in. 


& absolute maximum ratings over operating free-air temperature range (unless. otherwise noted) * 


Supply voltage, Vcc (see Note 1) See te veer SR eg EO oe oe ed Ge oe oe 2 SOS 
Input voltage (any input) (see Note 1) Ss ig era tm Fee cet. A ge ce CR Oe Oe at Ze aoe - SOA TV 
Continuous power dissipation Se oe he ae oe te ee Oh ee Bn Be te ee re 
Operating free-air temperature range e. Ae 4S one SS Sich WR th oes es ee Be ok -g, ch. WO Otomo © 
Storage temperature range a ele & iw we SP od BRUM ee ae OE we 4 SBE OC te150°C 


*Stresses beyond those listed under ‘’Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the ‘‘Recommended Operating Conditions” 
section of this specification is not implied. Exposure to absolute maximun)-rated conditions for extended periods may affect device reliability. 


NOTE 1: Voltage values are with respect to the ground terminal. 


TEXAS INSTRUMENTS 


78 


TMS 4044, -45, -30, -25, -20, -15 JL, NL 
TMS 4046, -45, -30, -25, -20, -15 JL, NL 
4096 WORD BY 1-BIT STATIC RAMs 


functional block diagram 


1 of 64 

A2 ee BOW STATIC MEMORY —__—— Yss 
6 a CELL ARRAY 
64 ROWS BY 


64 COLUMNS Vcc {array only) 


DATA OUTPUT 
OUTPUT 


DATA INPUT 
INPUT 0 LOGIC CONTROL a 
= . CONTROL ee: BUFFER 
lot 64 


COLUMN SELECT 


| Move __| 


recommended operating conditions 


ene 
PARAMETER MIN NOM MAX |UNIT 
upply voltage, 
ce oe CC Stary 274. 5 55 


-————--____ 


Supply voltage (array only), Vcc) 


a 
ea) 
on 
ao 
oO 


i) 
> 
on 
oO 
oT 


\ 
ea mee teal 
oy oO ° 

° 
oo edd Weyl ch 
oo} ro) 


BSS 
o 
a 
on 
on 


Supply voltage (periphery only), Vcc? 


| Supply voltage, Vss 
i High-level input voltage, Vi 


Low-level input voltage, Vy 


oO 
~ 
oO 


Operating free-air temperature, Ta 


TEXAS INSTRUMENTS 


TMS 4044, -45, -30, -25, -20, -15 JL, NL 
TMS 4046, -45, -30, -25, -20, -15 JL, NL 
4096 WORD BY 1-BIT STATIC RAMs 


electrical characteristics over recommended operating free air temperature ranges 
(unless otherwise noted) 


Vi Ot 55V 


Off-state output current, $@20V 
high level voltage applied or W at 0.8 V 
Off-state output current, § at 2.0 V 


1OZH 


IOZL mi 


low level voltage applied or W at 0.8 V 


A 
Vcc =5.5V 
3 4044/46-45, -30, -25 50 90 | mA 
Icc Supply current from Vcc 19 =OmA Ta =OC 


; x 4044/46-20, -15 80 118 mA 
(worst case dynamic conditions) 


Supply current from Vccq : A 
m 
(array only) 


Vcc2=5.5V 
lo =OmMmA 
Ta =0°C 


é ' V,;=0V 
: nput capacitance 

i prarear f=1MHz 
Co Output capacitance 


TAN typical values are at Voc = 5 V, Tg = 25°C. 


Supply current from Vcc2 


| 
Cee (periphery only) 


timing requirements over recommended supply voltage range and operating free-air temperature range 


TMS 4044-15 | TMS 4044-20 | TMS 4044-25 | TMS 4044-30 | TMS 4044-45 
PARAMETER TMS 4046-15 | TMS 4046-20 | TMS 4046-25 | TMS 4046-30 | TMS 4046-45 | UNIT 
in x Tt 
te(rd) Read cycle time 150 
telwr) ~ Write cycle time 7 


tw(W) Write pulse width BO 


U 
fatal oe eal 


aed 
fee 
Address set up time 
tsyu(D) Data set up time | 60 
th(D) Data hold time oO eH 
th(A) Address hold time 
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TMS 4044, -45, -30, -25, -20, -15 JL, NL 
TMS 4046, -45, -30, -25, -20, -15 JL, NL 
4096 WORD BY 1-BIT STATIC RAMs 


switching characteristics over recommended voltage range, TA = 0°C to 70°C, 
1 series 74 TTL load, CL = 100 pF 


TMS 4044-15 TMS 4044-20 | TMS 4044-25 |TMS 4044-30 | TMS 4044-45 
PARAMETER TMS 4046-15 TMS 4046-20 | TMS 4046-25 [TMS 4046-30 | TMS 4046-45 | UNIT 


ta(A) Access time from address 


Access time from chip 
t 
a(S) select low 
Access time from 


ft. 
alW) write enable high 


Output data valid after 
‘PV address change 

Output disable time after 
Pv2S chip select high 
Output disable time after 
tPVZW 


write enable low 


read cycle timing** 


ADDRESS, A (| ADDRESS VALID 


CHIP SELECT,S 


OUTPUT DATA, Q 


** Write enable is high for a read cycle. 


anne SS ST SS, 
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TMS 4044, -45, -30, -25, -20, -15 JL, NL 
TMS 4046, -45, -30, -25, -20, -15 JL, NL 
4096 WORD BY 1-BIT STATIC RAMs 


early write cycle timing 


allele aT te(wr) 


ADDRESS VALID 


VI AAAI) 


ADDRESS, A 


{\ 


WRITE ENABLE, W 


= t 
S CHIP SELECT, S$ su(S) 
Vit 
tsu(D) th(D) 


we cons TTR == HE 


VOH 
OUTPUT, Q y 


read, modify-write cycle timing 


ADDRESS, A 


WRITE ENABLE, W 


CHIP SELECT, S 


th(D) 


pees 
(AMA 
+—tpvz, w 


(} VALID Hie 2 


INPUT DATA, D 


WAVVVAVV V\ 
NVVVVVVVV\ 
OUTPUT, Q 
talA) Bae 
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TMS 4045, -45,-30,-25,-20,-15JL, NL; TMS 4047,-45,-30,-25,-20,-15JL, NL 
“mos” 1024 WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES 


| TMS 4045 
1024 x 4 Organization 


e 18-PIN CERAMIC AND PLASTIC 
: DUAL-IN-LINE PACKAGES 
e Single 10% Tolerance +5 V Supply (TOP VIEW) 
e@ High Density 300-mil 18- and 20-Pin Packages r ' 
e Fully Static Operation (No Clocks, No Refresh, 6 ce 
No Timing Strobe) As 2 Ay 
e 4 Performance Ranges: A, 3 Ag 
ACCESS READ OR WRITE Az 4 Ag 
TIME CYCLE 
(MAX) (MIN) nor. 2 uO) 
TMS 4045-45/4047-45 450 ns 450 ns A, 6 1/02 
TMS 4045-30/4047-30 300 ns 300 ns 
TMS 4045-25/4047-25 250 ns 250 ns Ar 7 1/03 
TMS 4045-20/4047-20 200 ns 200 ns Ss 3 1/04 
TMS 4045-15/4047-15 150 ns 150 ns _ 
Vos 9 W 
@ 400 mV Guaranteed d.c. Noise Immunity With 
Standard TTL Loads — No Pull-Up Resistors 
Required 
e Common I/O With Three-State Outputs and TMS 4047 
Chip Select Control for OR-Tie Capability 20-PIN CERAMIC AND PLASTIC 
; DUAL-IN-LINE PACKAGES 
e Fan-Out to 1 Series 74 or 74S TTL Load — No (TOP VIEW) 
Pull-Up Resistors Required i 
e Power Dissipation for TMS 4045-20/4047-20 mee Nec 
Less Than 400 mW (Typical) Ag 2 NEC? 
e Standby Power Dissipation Less Than: Ago O38 a) 
12 mW (Typical) for TMS 4047-20 A, 4 Ag 
192 mW (Typical) for TMS 4045-20 Az 5 Ag 
description Ag. uo 
; Satne A, 7 1/05 
This series of static random-access memories is organized 
as 1024 words of 4 bits. Static design results in reduced Ar 8 1/03 
overhead costs by elimination of refresh-clocking circuitry S 9 1/04 
and by simplification of timing requirements. Because Vss 10 W 


this series is fully static, chip select may be tied low to 
further simplify system timing. Output data is always 
available during a read cycle. 


PIN NAMES 
Ao - AQ Addresses 
1/01 - 1/04 Data input/output 
OE Output Enable 


All inputs and outputs are fully compatible with Serie 74 
or 74S TTL. No pull-up resistors are required. 
The TMS 4045/4047 series is manufactured using TI's 


reliable N-channel silicon-gate technology to optimize 
the cost/performance relationship. The single 5-volt 
power supply is also used to retain data in a reduced 
power standby mode. For the TMS 4047, Vcc2 powers 
only the periphery circuitry. Consequently it is not re- 
quired to maintain data during standby operation. 


E 
S Chip Select 
VCC +5 V Supply 


+5 V Supply 
Vv 
eel (array only 
+5 V Suppl 
Vcc2 Ppply 


(periphery only) 


VSS Ground 


W Write Enable 


a BT YN TN ee el] 


PRELIMINARY DATA SHEET: 
Supplementary data may be 
82 published at a later date. 
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TMS 4045, -45,-30,-25,-20,-15JL, NL; TMS 4047,-45,-30,-25,-20,-15JL, NL 
1024 WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES 


STANDBY OPERATION 
(TYPICAL SUPPLY VALUES) 


DEVICE SUPPLY OPERATING STANDBY 
7s 4048 


Vcc +5 V +2.4V 
The TMS 4045 series and the TMS 4047 series are offered in 18-pin and 20-pin respectively dual-in-line ceramic (JL 


suffix) and plastic (NL suffix) packages designed for insertion in mounting-hole rows on 300-mil centers. The series is 
designed for operation from 0 OC to 70 °C. 


operation 


addresses (AO - AQ) 

The ten address inputs select one of the 1024 4-bit words stored in the RAM. The address-inputs must be stable for the 
duration of a write cycle. The address inputs can be driven directly from standard Series 54/74 TTL with no external 
pull-up resistors. 


output enable (OE) 

The output enable terminal, which can be driven directly from standard TTL circuits, affects only the data-in/Data-out 
terminals. When output enable is a logic high, the |/O terminals are disabled to the high-impedance state. Output enable 
provides greater output control flexibility, simplifying data bus design. 


chip select (S) 

The chip-select terminal, which can be driven directly from standard TTL circuits, affects the data-in/data-out terminals. 
When chip select and output enable are a logic low, the I/O terminals are enabled. When chip select is a logic high, the 
\/O terminals are in the floating or high-impedance state and the input is inhibited. 


write enable (W) 
The read or write mode is selected through the write enable terminal. A logic high selects the read mode; a logic low 
selects the write mode. The W input can be driven directly from standard TTL circuits. 


data-in/data-out (1/04 - 1/O4) 

Data can be written into a selected device when the write enable input is a logic low. The I/O terminal can be driven 
directly from standard tTL circuits. The three-state output buffer provides direct TTL compatibility with a fan-out of 
one Series 74 TTL gate or one Series 74S TTL gate. The I/O terminals are in the high-impedance state when chip select 
(S) is high or whenever a write operation is being performed. Data-out is the same polarity as data-in. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) * 


Supply. voltage: Vice (seeNotesl) “ss eau UPR. Bae wi eh Boe at Ge oe a a oe SOSH T 
Input voltage (any input) (see Note 1). . 2. . . we ee ee ew 60.5 t07 V 
Continuous power dissipation” 4-.<- 4. °° a. a owe & wo se we be de cee EO ae Ee SP 1W 
Operating free-air temperaturerange . 2. 2. 1 ee ee ee eee ee 60 OC to 70 9C 
Storage temperature range. . 2. 2. 1. 1. ee ee ee ee ee 655 OC to 150 OC 


NOTE 1: Voltage values are with respect to the ground terminal. 


* Stresses beyond those listed under ‘‘Absolute Maximum Ratings’’ may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other conditions beyond those indicated in the ‘’ Recommended Operating Conditions’ 
section of this specification is not implied. Exposure to absolute maximum-rated conditions for extended periods may affect device reliability. 
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TMS 4045,-45,-30,-25,-20,-15JL, NL; TMS 4047,-45,-30,-25,-20,-15JL, NL 
1024 WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES 


functional block diagram 


Ag | >— == Vos 
As Pacmae ~~ Nec! vec 2 
Vec1 (ARRAY ONLY) 
ROW 64 ROWS BY 

Ay PJ setect 64 COLUMNS | WI S{oE] Wvoy~VOq 

< 
cn Co 
——— 


Pa[efH[ _arz | ouTruT bisaaueo_ 


x 
= 


isi 


104 COLUMN I/O CKT. 
10> 4bits, lof 16 
COLUMN SELECT 
103 Be ae a 
LETTE TS 
104 
A2 Az Ag Ag 
Ww 
S 
OE 


recommended operating conditions 


| 
Supply voltage, Vcc Vv 
Supply voltage (array only), Vcc Vv 
Supply voltage, Vss Vv 


a 
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TMS 4045, -45,-30,-25,-20,-15JL, NL; TMS 4047,-45 -30,-25,-20,-15JL, NL 
1024 WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER TEST CONDITIONS MIN TYP* MAX UNIT 


10H = —200 LA Vec = 4.75 V 

VOH High level voltage Voc =4.5V 

VOL Low level voltage lol =2mA Vec =4.5V 
) Off-state output current, Sor OE @2.0V ee 
02H high level voltage applied or Wat 0.8 V 
Off-state output current, S or OE at 2.0 V pay 
O2L. low level voltage applied or W at 0.8 V 
aos -45, -30 100 


Icc Supply current from Vcc = ab 
Vv =5.5V 
Supply current from Vcc4 ae x 
=Om 
oe} (array only) Zs 70 °C 
A m 
Vv =5.5V 
Supply current from Vcc? an ie 
=Om 
CC2 (periphery only) = 9 0¢ 
A = 
. V,;=0V 
Cj Input capacitance Peeve 
= z 
C Vo =0V 
0 Output capacitance re 12 pF 


All typical values are at Vcc = 5 V, Ta = 25 OC 


timing requirements over recommended supply voltage range and operating free-air temperature range 


TMS 4045-15 | TMS 4045-20 | TMS 4045-25 | TMS 4045-30 | TMS 4045-45 
PARAMETER TMS 4047-15 | TMS 4047-20 | TMS 4047-25 | TMS 4047-30 | TMS 4047-45 UNIT 
MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 


fei Fevayeeiine [i [ae 
We pa wa FT 
Festa) Racresswtuptime [oid 


100 
10 200 
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TMS 4045,-45,-30,-25,-20,-15JL, NL; TMS 4047,-45,-30,-25,-20,-15JL, NL 


1024 WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES 


switching characteristics over recommended voltage range, TA = 0 °C to 70 OC, 
1 serie 74 TTL load, CL = 50 pF 


TMS 4045-15 TMS 4045-20 TMS 4045-25 TMS 4045-30 TMS 4045-45 
PARAMETER TMS 4047-15 TMS 4047-20 TMS 4047-25 TMS 4047-30 | TMS 4047-45 UNIT 
NOM MAX MIN MAX MIN MAX MIN MAX MIN MAX 


tis) Access time from chip select TBD 
(or output enable low) 

at 8 OE 
write enable high 
Output data valid after 


t 
PV X address change 


‘ Output disable time after chip 
PVZS select (or output enable) high 


Output disable time after 


*PVZ,W write enable high 


a 
[= |e 
eet 
o[ = 


read cycle timing” * 


tc (rd) 


VIH 
ADDRESS, A ADDRESSES VALID 
VIL 
CHIP SELECT, S ViH 
OUTPUT ENABLE,OE 
(4047 ONLY) VIL 


OUTPUT DATA, “OH 


"* Write enable is high for a read cycle 


All timing reference points are 10% and 90%. 
Input rise and fall times 10 ns. 
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TMS 4045, -45,-30,-25,-20,-15JL, NL; TMS 4047, -45,-30,-25,-20,-15JL, NL 
1024 WORD BY 4-BIT STATIC RANDOM-ACCESS MEMORIES 


early write cycle timing te (wr) 
Vy H XY XKXNY 
ADDRESSES, A XXQXXN) XY 
yy, RD BR 
tsu(A) th(A) 
Vi t 
WRITE ENABLE, W a wi) 
VIL 
a VIH 
S} CHIP SELECT, 5 tsu(S) 
ViL 
' tsu(D) th(D) 
1H MAAK KX WAX KRY YY XX YYXX XY YY 
INPUT DATA OK) QS) WAM 
Ox) N' NY) VALI BLL 
__ BARRO ONL CARE SIA, VALID RUIN 


1/0, - 1/04 


OUTPU, OMe et ee 
VOL 


ViH 
VIL 


__V 
WRITE ENABLE, W 


VIL 
tw(W) 
_ VIH : a | 
CHIP SELECT, S 
VIL 


ee th(D) 
INPUT DATA VIH ERY 
& Bane a7 VALID Corres 


1H 


XX) 
OY 


om ib BRR 
1/0, -1/Oz tPVZ,W ta(w) 'PVZ,S 
VOH 
OUTPUT ys ) oe GUALIO eer 


applications data 


Early write cycle avoids I/O conflicts by controlling the write time with S. In the diagram above, the write operation 
will be controlled by the leading edge of S not W. Data can only be written into the array when both S and W are logic 
low. Either S or W being logic high inhibits the write operation and data stored will not be affected by the address. To 
prevent erroneous data being written into the array care must be taken to ensure that the addresses are stable during 
the entire write cycle defined as tsy(A), tw(W) and th(A). 


TEXAS INSTRUMENTS 


88 


MOS TMS 4027-15, TMS 4027-20, TMS 4027-25 JL, NL 
- 4096 BIT DYNAMIC RANDOM-ACCESS MEMORY 


MARCH 1977 


e 4096 X 1 Organization se PIN CERAMIC 
e Industry Standard 16-Pin 300-Mil Package ee a 


Configuration 


© 10% Tolerance on All Supplies VeB =} 1% = =6Vss 
e All Inputs Including Clocks TTL Compatible D 2 15 CAS 
e Three-State Fully TTL-Compatible Output Ww 3 14. DATAOUT 
Latched and Valid Into Next Cycle 7 
RAS 4 13. «OS 
e 3 Performance Ranges: 
ACCESS ACCESS READ READ, AO 5 12, AB r 
TIME TIME OR MODIFY- a Z sa wae 
ROW COLUMN WRITE WRITEt 
ADDRESS ADDRESS- CYCLE CYCLE Al 7 10 AS 
(MAX) (MAX) (MIN) (MIN) Vo 8 9 Voc 


TMS 4027-15 150 ns 100 ns 320 ns 330 ns 
TMS 4027-20 200ns 135 ns 375 ns 420 ns 
TMS 4027-25 250ns 165 ns 375 ns 480 ns PIN NAMES 
e Page-Mode Operation for Faster Access Time a= ndarese Innate 
e Low-Power Dissipation 
— Operating 460 mW (max) 
— Standby 27 mW (max) 
e 1-T Cell Design, N-Channel Silicon-Gate 
Technology 
description 


The TMS 4027 JL series is composed of monolithic 
high-speed dynamic 4096-bit MOS random-access 
memories, organized as 4096 one-bit words, employ- 
ing single-transistor storage cells and N-channel 
silicon-gate technology. , 


All inputs and outputs are compatible with Series 74 TTL circuits including clocks: Row Address Strobe (RAS) or (R) 
and Column Address Strobe (CAS) or (C). All address lines (AQ through A5) and data-in (D) are latched on chip to 
simplify system design. Data out is latched and available until the negative edge of CAS in the next memory cycle 
returns the output to the high-impedance state. eS 


Typical power dissipation is less than 300 milliwatts active and 14 milliwatts during standby (Vcc is not required 
during standby operation). To retain data, only 20 milliwatts average power is required which includes the power 
consumed to refresh the contents of the memory. 


The TMS 4027 JL, NL series is offered in a 16-pin dual-in-line package and is guaranteed for operation from O°C to 
70°C. Packages are designed for insertion in mounting-hole rows on 300-mil centers. 


Operation 


address (AO through A5) 


Twelve address bits are required to decode 1 of 4096 storage cell locations. Six row-address bits are set up on pins AO 
through A5 and latched onto the chip by the row-address strobe (RAS). Then the six column-address bits are set up on 


TThe term “read-write cycle” is sometimes used as an alternative title to ‘‘read-modify-write cycle’’. 


TEXAS INSTRUMENTS 


TMS 4027-15, TMS 4027-20, TMS 4027-25 JL, NL 
4096 BIT DYNAMIC RANDOM-ACCESS MEMORY 


pins AO through AS and latched onto the chip by the column-address strobe (CAS). RAS activates the sense amplifiers 
as well as the row decoder, and CAS activates the column decoder and the input and output buffers. 


chip select (S) 


When the chip select (S) input is high, the column decode and the input and output buffers are disabled. However, the 
row decode is unaffected by chip select so that row addresses are latched and refresh can continue to take place. 


write enable (W) 


The read or write mode is selected through the write enable (W) input. A logic high on the W input selects the read 
mode and a logic low selects the write mode. The write enable terminal can be driven from standard TTL circuits 
without a pull-up resistor. The data input is disabled when the read mode is selected. When W goes low prior to CAS 
(early write), data-out will contain the data written into the selected cell. 


datain (D) 


Data is written during a write or read modify-write cycle. The latter falling edge of CAS or W strobes data into the 
on-chip data latch. This latch can be driven from standard TTL circuits without a pull-up resistor. In an early write 
cycle W is brought low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to this 
signal. In a delayed write or read-modify write cycle, CAS will already be low, thus the data will be strobed in by W 
with setup and hold times referenced to this signal. 


data-out 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan-out of two 
Series 74 TTL loads. Data-out is the same polarity as data-in. The output goes into the high-impedance state after the 
negative transition of CAS. The output becomes valid after the access time has elapsed, and it remains valid into the 
next memory cycle before CAS going low returns it to a high-impedance state. 


refresh 


A refresh operation must be performed at least every two milliseconds to retain data. Since the output buffer is in the 
high-impedance state unless CAS is applied, the RAS only refresh sequence avoids any output during refresh. Strobing 
each of the 64 row addresses (AO through A5) with RAS causes all bits in each row to be refreshed. CAS remains high 
(inactive) for this refresh sequence, thus conserving power. 


page mode 


Page mode operation allows effectively faster memory access by keeping the same row address and strobing successive 
column addresses onto the chip. Thus, the time required to setup and strobe the row addresses is eliminated. To extend 
beyond the 64 column locations on a single RAM, apply the row address and RAS to multiple 4K RAMs, then decode 
chip select to select the proper RAM. (A RAM need not be selected during the first page mode cycles to have the row 
address latched on chip.) 


power-up 


No particular power-up sequence is required; however, to assure compliance with the ‘‘absolute maximum ratings”, it is 
good engineering practice to apply Vpp first (and remove Vpp last in power-down). This prevents any forward junction 
bias conditions that could arise if other supplies are applied first. After power-up, one memory cycle must be 
performed to achieve proper device operation. 
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TMS 4027-15, TMS 4027-20, TMS 4027-25 JL, NL 
4096 BIT DYNAMIC RANDOM-ACCESS MEMORY 


functional. block diagram 


Ag THRU As 


Voureur [wooed 
we |Norteces 
rz | no write wit ecu 


CHIP 
SELECT 
BUFFER 


AAS ROW MULTIPLEX : ADDRESS 
CLOCKS CLOCKS BUFFERS 
H=High; L=Low; X-Don’t Care; Hi-Z=High impedance. 
pe COLUMN DECODER 
cae clocks [°*] cLocks OECROE 
= oe 
AMP 


ni 


=i 


CLOCKS AND 
CLOCKS MEMORY 
DATA 
o IN 
BUFFER 


OUTPUT DATA 
LATCH OUT me 
CLOCKS. BUFFER 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) * 


Supply voltage, Vcc (see Note 1) spt she ue ae hee ge Bc gt eae oR ale & slat ec Yo ae SORE 2O¥ 
Supply voltage, Vpp (see Note 1) BR Late ay te as “po Gee “Oe a Ses “ay Se. Ses She hee te aes ot oe CDS 2ZON 
Supply voltage, Vss (see Note 1) Oe Bee we. 2 a ee Oe SSE ee ae 0 10220:V 
All input voltages (see Note 1) Oot Gy ok oe OS ee Ce Sp “a ei eo S om, CRO BIOZOV 
Output voltage (operating, with respect to Vss) 2. ee oh ae oe ge Swe oe GG See ee. oO TOY 
Operating free-air temperature range Ae hn gs hes fe. ot BG Gee Sede he a ge a ws Se os SOC 18 70°C 
Storage temperature range ee ch ee it Te he ein oes HS eth GS a od fe Ct, 150-6 


NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, Vgg (substrate), unless 
otherwise noted. Throughout the remainder of this data sheet, voltage values are with respect to Vss. 

*Stresses beyond those listed under ‘‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating only and 

functional operation of the device at these or any other conditions beyond those indicated in the “‘Recommended Operating Conditions”’ 

section of this specification is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


recommended operating conditions 


. 
+ 


Supply voltage, Vag 


| 
> 
oO 

| 
oa 

| 
oO 
oa 


Supply voltage, VCC | 45 5 55 
Supply voltage, Vss acon Ones 
High4evel input voltage, except RAS, CAS, and WRITE, Viyq 
High-level input voltage, RAS, CAS, and WRITE, Vin(R) 
Low-level input voltage, Vit 8 


Refresh time, trefresh 


Operating free-air temperature, Ta 


o 
~ 
oO 
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TMS 4027-15, TMS 4027-20, TMS 4027-25 JL, NL 
4096 BIT DYNAMIC RANDOM-ACCESS MEMORY 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETERS TEST CONDITIONS MIN TYPT MAX | UNIT 
VOH High-level output voltage loH = -—5 mA 


VOL Low-level output voltage 
Vy =OVt0O10V, 


iy Input current (leakage) ; 

All other pins = 0 V except Vag = —-5 V 
lo Output current (leakage) Va.- 0 1. 10 V, RAS and CAS high, 

Output Disabled, after 1 memory cycle 


| lpD(av) Minimum cycle time 
RAS and CAS 


ball = 
Average refresh current, 

'pD{av) | RAS cycling, Minimum cycle time 15 25 
CAS high 


*Vcc is applied only to the output buffer, so |c¢ depends on output loading. 


3 
> 


N 
DL 
3 3 el ot x 


cycle 


: 


oi 
w& 
on 


Standby current, 


° 
0 
a 
N 
> 


After 1 memory cycle 


capacitance over recommended supply voltage range and operating free-air temperature range f = 1 MHz 


PARAMETER TyPt MAX | UNIT 
Ci(A) Input capacitance, address inputs a a ee 
Ci(D) Input capacitance, data input 


Ci(RC) ‘Input capacitance, strobe inputs F810 
Ci(w) Input capacitance, write enable input [| B10 |p 


Tat typical values are at Ta = 25 C and nominal supply voltages. 


eo" characteristics over recommended supply voltage range and operating free-air temperature range 


TMS 4027-15 | TMS 4027-20 | TMS 4027-25 
PARAMETER TEST CONDITIONS 


UNIT 
MIN MAX [MIN MAX | MIN MAX | 


, Access time from Cy = 50pF, fae 
alt) column address strobe tr(C) and t;(R) = Sans, 


Access time from tRL,CL = MAX, 
‘a(R row address strobe Load = 2 Series 74 TTL gates 


Cy = 50pF, 
Load = 2 Series 74 TTL gates 
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TMS 4027-15, TMS 4027-20, TMS 4027-25 JL, NL 
4096 BIT DYNAMIC RANDOM-ACCESS MEMORY 


timing requirements over recommended supply voltage range and operating free-air temperature range 


TMS 4027-15 | TMS 4027-20] TMS 4027-25 
PARAMETER UNIT 
MIN MAX [MIN MAX MIN MAX 


i) Wie eel ti i a 
tc(RW) Read, modify-write cycle time 


Pulse width, column address strobe high " 
t 
Nera (precharge time) 
tw(CL) Pulse width, column address strobe low 11350 | 65 


150 10,000 | 200 10,000] 250 10 
45 cee ee 


2 


Pulse width, row address strobe high 


t 
wiRH) (precharge time) 


twiRL) Pulse width, row address strobe low 


8 


tw(W) Write pulse width 


| 


> 
7) 


Transition times (rise and fall) for RAS and C 


S 
n 


ot 
4 


tsu(AC) Column address setup time 
tsu(AR) Row address setup time 


tsu(D) Data setup time 


tsu(S) Chip select setup time eto || 
tsu (rd) Read command setup time FO 
tsu(WCH) Write command setup time before CAS high 
tsu(WRH) Write command setup time before RAS high 
45 
20 


95 


bee, 80 
pete 2 
ee) 
eee 
th(ACL) Column address hold time after CAS low 2: jae eee 
th(AR) Row address hold time a eee ns 
th(ARL) Column address hold time after RAS low 120 | 1600 
th(DCL) Data hold time after CAS low | 56 ff 5 
th(DRL) Data hold time after RAS low 120 160 
th(DWL) Data hold time after W low | 55 
th(rd) Read command hold time a See 
th(SCL) Chip select hoid time after CAS low | 55 
th(SRL) Chip select hold time after RAS low 


th(WCL) Write command hold time after CAS low 


Delay time, column address strobe high to 
t 
ie : row address strobe low 


Delay time, column address strobe low to 


t 
Delay time, column address strobe low to W low 
tCLWL 


(read, modify-write cycle only) 


NO 


375 
135 
120 
3 50 
70 
70 
55 
25 
55 
120 
135 
tREEF Refresh period 2 
Delay time, row address strobe low to column 
25 65 


tRLCL address strobe low (maximum value specified 20 50 
only to guarantee access time) 

aes Delay time, row address strobe low to W low 

(read, modify-write cycle only) 


Delay time, W low to column address strobe 


TWLECL 


375 
375 
165 
120 
75 
3 50 
75 
35 
75 
75 
75 
165 
35 85 


low (early write cycle) 
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read cycle timing 


be te(ra)  —-__--___________», 
| | 
| be tw(RL) -—-—_—--_-— > | 
mee Vin(R) J | 
RAS 
Vit | | | 
1 | --twiRH) 4 
@ : aor: | 
| tre t 
7S RLCL—anla——_ tw(CL) — os (CHRL — 
] 


| 
= ViHiR) ae | 
Mr sa af tsu(AR) | | 
| rag mo | 
th(AR) 4 | 
a > a tsu(AC) | 


Vi 
oe BREA RY 
Vit 4 \VAVAVAVAVAVAVAVAVAVAV AVA AAD 
| | | 
, th(ACL) | 


—A/\AALSNAANAKNAA/ 
RK BONT CARE CNN 


WRITE ENABLE, W 


£ 
a 
t 
= 
a 


V 
7 : ae th(SCL) 
b~-——— th(SRL) (ee 
: | I 
| A p—tsuls) | 
- Vi ROUT ‘om | KYVVVVVV VV TIVVVVV VV 
ener i MOSENREARE ON 1 __KXXXXXNN! OONT CAREXNRNXEXN 
| | 
bw—— ta(C) —r! 


VOH | 
DATA OUT HI-Z VALID 
VOL - 
| | 
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TMS 4027-15, TMS 4027-20, TMS 4027-25 JL, NL 
4096 BIT DYNAMIC RANDOM-ACCESS MEMORY 


early write cycle timing 


ere a te(w) ee 
| 


ane ———— twiRL)_- ————__> 
RAS ViH(R) 
Vit | | 


| 

a 

[pe tALCL pe tCHRL —>! 
| | 
i | 

| 


- -—— wWicL) —— I 

cK VIH(R) | | j : 
A 

vie Ou \| / 

tsu(AR) a nat | | br tsu(AC) pf 

| | -~——th(ARL} > | | 

| | 


J obey | : ae 1 (ACL) 
IYO VU VAAAIAA) 
(cas ARTE SER 


| tt tsu(WCH) ———> | 
tet | __tgatwrny) ————_>y 
| ae 
i | | 
| | 
| 


| 
}~+—— th(wcL }——_> 
x VIHIR) XX BONG XX) 
WRITE ENABLE, XY DONT CARE ARR) 


Vit 


ADDRESSES 


| 
| | YY VY AG YVVY 
| AXXRY DONT GARE YR 


| 

— Vit v TU JTOVUUU 

CHIP SELECT (S) (XX SON CARE YYX 1 KKK Do YK Y) 

Sa XXX XXXXX) XXX 

1 ft 

«+ th(SRL) eo ] 
l sav th(DWL) ———>y 
| th(DCL)}-—» 


are | (DRL) —————_> 


Vi IOWTOUUOOOOOA PIII TITAS 
DATA IN, D \ DON’T CARE OX \ + DON’T CARE 
Vir YO (VV (YN \ 
| i] 
| >} fol tid) 
| L¥—— ta(c) — 
| ol tPxz 
Vou | , 
VoL ) 
a (fai ee yess 
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read-write/read-modify-write cycle timing 


AW) 


SS SSS eS 
v Seen eee = 
‘ _ 
| tCLRH : IK twiRH) > 
| Sigs: a SE ee fe tcHRL 


& Sot VIHI(R) ! | 
CAS | 
| 


| 
Vit | 


1+ ——tmaru———+! | 
beth (ad) | el nace : l 
It tsu (AR) _ Mtsu (AC) | 
Vio 
nome RAEI RII 
ViL 
| aa | ~—tes(weH)—e} I! 
| Uacuee 
| | | Pte 
| | | ——- tetw. —1 l | 
VIH(R) 
WRITE ENABLE, W 


Vit 


_ Vi 
CHIP SELECT (S) 
VIL 


et 

+ ——tniveL 7 

P | 7 H-taioi | 
eq - 2 EE EL 
; ae eee 


VOH 
VoL 


Se ee tevz———+4 
{$————tatqy +} 
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page mode write cycle timing 


re! wir) ———— SSS SSeS 


aoe aa! ‘ae 
| 
ay | ) lls 
| 
I y | re——tcLRH 4 | & 
: HtRLCL on bt twiCH) | Ip*-tcHRL— 
Po ot 
4 | | h——twiCL) ry [+ twiCL) : b+ twicL) Py : 
1H(R) 
Vit | | | 
| 
thiaR) ~ | thiACL) | 


port thiac | 
i, 


| 
) | Leb act) 
1 | 
| et MARL) | 
| 


teu (AR) {ht | apt tases 


VIH \ 7, 9, 
cones Qt coc KGERT ORD 
t\ \y ”, é\ 
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page mode read cycle timing 


CAS 


ADDRESSES 


twi(RL) ~~ 
aa it —t 
| 
Vin | 
|b twiRHI 


| 
| 
| | 
| | , | sco" ) 
| 
| tact — Leo twice) | P-tcnat 
VIHIR) i es sai | ee ant 
| | | 
I | 
Vit i | ] | | | ae oo 
| | | | 
tan — | port tac) | | Kr tniact) | | [ee tntact) | 
eens nn 
tsu({AR) okey | “ry tasiac | —aetaiae) | Hp tatac , 
Vi JR) () VAY, V \/ VV 
wa, REIKI LE oo KG caren OK coe KEYRA OAX 
| | | | 
| | l 
| | | tate | : | 
| | 
| 1) | a | 
, a tsu(rd) third) I | third) > = bt este 


| | t 
VtHiR) 
WRITE ENABLER: Cat oRY | yy | | | XY xy ! | ( res 
tL 1 
| 
| 
| | 


é DATA OUT 
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RAS only refresh timing 


a el pee 


| | 
Sia | 


VIH(R) 
RAS IN / K 
Vie | 
| | + tw( RH) 
| | 
| | | 
1 | 


e 
XX Xdoner.cane XXX 


cas NI XXX Baie SARE XXX | 
tL 
| 
| PAR 
= twin} | 
AGA, 
womens“ SSRN oor XXKKRERN SPREE 
ae TVVVY VVIVVYYVVYVV 
wnrreewaate,W XXX KKK KX XA BONE SARE OX KKK KAKI 
BRMAns a DATA OUT REMAINS UNCHANGED FROM PREVIOUS CYCLE 
OL 


timing diagram conventions 


MEANING 
TIMING DIAGRAM INPUT OUTPUT 
SYMBOL FORCING FUNCTIONS RESPONSE FUNCTIONS @ 
Must be steady high or low Will be steady high or low 


High-to-low changes pi be changing dh high 
permitted to low sometime during 


designated interval 


Mi Low-tce-high changes ee changing oe low 
permitted to high sometime during 


designated interval 


XXXKKy Don't Care State unknown or changing 
SKC (Does not apply) Center line is high-impedance 
off-state 
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LSI 


e 4096 x 1 Organization 
e 18-Pin 300-Mil Package Configuration ie PINGERAMIG AND ELASTIC 
e Single Low-Capacitance TTL-Compatible Clock DUAL-IN-LINE PACKAGES 
e Multiplexed Data Input/Output (TOE MEM) 
_| © 2 Performance Ranges: 
READ, VeBB Vss 
READ OR MODIFY 
ACCESS WRITE WRITE a 
TIME CYCLE CYCLE o ace 
(MAX) (MIN) (MIN) 
TMS 4051 ~300ns  470ns 730 ns aes is 
@ TMS 4051-1 250 ns 430 ns 660 ns 
eee A2 A8 
e Full TTL Compatibility on All inputs 
(No Pull-up Resistors Needed Except with CE) ary A? 
Registers for Addresses Provided on Chip 
Open-Drain Output Buffer cE AG 
Low-Power Dissipation re ae 
— 460 mW Operating (Typical) 
— 60 mW Standby (Typical) A4 Vop 
e N-Channel Silicon-Gate Technology 
description 
The TMS 4051 series is composed of high-speed dynamic 4096-bit MOS random-access memories, organized as 4096 
one-bit words. N-channel silicon-gate technology is employed to optimize the speed/power/density trade-off. Two 
performance options are offered: 300 ns access for the TMS 4051 and 250 ns access for the TMS 4051-1. These options 
allow the system designer to more closely match the memory performance to the capability of the arithmetic 
processor. 
The address, data input/output, and read/write inputs can be driven directly from Series 74 TTL circuits. A 200-mV 
noise margin is guaranteed in this configuration, which eliminates the need for specialized drivers. The chip-enable input 
is TTL-compatible and can interface with a Series 74 TTL circuit as long as a pull-up resistor to Vcc is employed in 
order to provide a high-level input voltage of 3 V minimum. The data input and output are multiplexed to facilitate 
compatibility with a common bus system. A 12-line address is available, which minimizes external control logic and 
optimizes system performance. 
The typical power dissipation of these RAM’s is 460 mW active and 60 mW standby. To retain data only 70 mW average 
power is required, which includes the power consumed to refresh the contents of the memory. 

@ The TMS 4051 series is offered in both 18-pin ceramic (JL suffix) and plastic (NL suffix) dual-in-line packages. The 
series is guaranteed for operation from 0 °C to 70°C. Packages are designed for insertion in mounting-hole rows on 
300-mil centers. 

operation 


chip enable (CE) 

A single external clock input is required. All read, write, and read, modify write operations take place when the chip 
enable input is low. When the chip enabie is high, the memory is in the low-power standby mode and is not selected. No 
read/write operations can take place during the standby mode because the chip is deselected and is automatically 
precharging. The CE input can be driven by a standard TTL circuit with a pull-up resistor. 


TEXAS INSTRUMENTS 


TMS 4051 JL, NL; TMS 4051-1 JL, NL 
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


BULLETIN NO. DL-S 7512256, MAY 1975 


99 


TMS 4051 JL, NL; TMS 4051-1 JL, NL 
4096-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


operation (continued) 


mode select (R/W) 


The read or write mode is selected through the read/write (R/W) input. A logic high on the RAW input selects the read 
mode and a logic low selects the write mode. The read/write terminal can be driven from standard TTL circuits without 
a pull-up resistor. The data input is disabled when the read mode is selected and the data output is disabled when the 
write mode is selected. 


address (AOQ—A11) 


All addresses must be stable on or before the falling edge of the chip-enable pulse. All address inputs can be driven from 
standard TTL circuits without pull-up resistors. Address registers are provided on chip to reduce overhead and simplify 
system design. 


data input/output (I/O) 

Data input and output are multiplexed on a common input/output terminal, which is controlled by the R/W a 
Data is written during a write or read, modify write cycle while the chip enable is low. The |/O terminal requires. 
connection to an external pull-up resistor since the output buffer has an open-drain configuration. The open-drain 
output buffer provides direct TTL sink compatibility with a fan-out of one Series 74 TTL gate. A low logic level results 
from conduction in the open-drain output buffer while a high level occurs with the buffer in its high-impedance state. 
Data written into the memory is read out in its true form. 


refresh 


Refresh of the cell matrix is accomplished by performing a memory cycle at each of the 64 row addresses (AO through 
A5) every 2 milliseconds or less. Addressing any row refreshes all 64 bits in that row. The column addresses (A6 
through A11) can be indeterminate during refresh. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Supply voltage, Vpp (see Note 1) 2. 2. 2... ee ee ee 60,3 to 20 V 
Supply voltage, Vss (see Note 1) w 4S oe ES USE poe ee. eS ee ee ee ee ode & BOZO Vv 
All input voltages (see Note 1) bode ke dee de. en hye beg: ee ke Re ee Re eh ew: ee Se SS te 20 
Chip-enable voltage (see Note 1) . . 2. 1. 1... we ee ee ee ee ee eee ee . 60.3 to 20 V 
Output voltage (operating, with respect to VSs) . . 2. 2. 1. ew ee ee ee ee ee ee 6 =2TOTV 
Operating free-air temperature range... . 1. ee ee ee ee ee ee 60°C to 70°C 
Storage temperature range . 2. 1 ww wk —55°C to 150°C 


NOTE: 1. Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, Vgg (substrate), unless 
otherwise noted. Throughout the remainder of this data sheet, voltage values are with respect to Vss. 


functional block diagram 


| 
] 
| 
| 
| 
| 
! 
| 
| 
| 
| 
| 
] 
] 
| 
DATA ; 


AO 
: DATA 1/0 | wy INTERNAL 
(EXTERNAL) | <= asi 
Pe} CELL MATRIX ra aE 
ROWDECODE, or 
DUMMY CELL | = 2 
|__| PRECHARGE (ce eres 
=E N 
VOLTAGE 
cE crock Gen{___| COLUMN SENSE OL a 


as iN sere an) cee 
DUMMY CELL 


CELL MATRIX 


1/0 LOGIC 


Row DecovE| __, | 
aes 
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recommended operating conditions 


PARAMETER MIN NOM MAX 
Supply voltage, Vpp Tig AP ADS Ay 


High-levet chip enable input voltage, VijH(CE) 


Low-level input voltage, Vj, (all inputs except chip enable) (see Note 2) 
| 
Operating free-air temperature, Ta : 


@. 2: The algebraic convention where the most negative limit is designated as minimum is used in this data sheet for logic voltage levels 
only. 


| 

fo) 
on) 
] 
on) 
E 


electrical characteristics over full ranges of recommended operating conditions, TA = 0°C to 70°C 
(unless otherwise noted) 


PARAMETER 

tg = guaranteed maximum access time, 
RE =2.2kN2to5.5V, Cy =50pF, 
Load = 1 Series 74 TTL gate 


VOH High-level output voltage 


(CE) Chip enable input current 


lpop Supply current from Vpp 


IpDp Supply current from Vpp, standby 
Average supply current from Vpp TMS 4051 


IDD(av) Ne mA 
during read or write cycle Minimum cycle TMS 4051-1 
Average supply current from Vpp timing TMS 4051 A 
m 
during read, modify write cycle TMS 4051-1 


IDD(av) 


leg Supply current from Veg 


TAU typical values are at Ta = 25°C. 


acitance at Vpp = 12 V, Vsg = 0 V, VeB= —5V, VI(CE) = OV, Vp = OV, f = 1 MHz, 
@ = 0°C to 70°C (unless otherwise noted) 


PARAMETER 
Ci(ad) Input capacitance address inputs 
Ci(CE) Input capacitance clock input 
Ci(R/W) 'nput capacitance read/write input 


C/o) 1/O terminal capacitance 


TAIt typical values are at Ta = 25°C. 
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read cycle timing requirements over recommended supply voltage range, TA = 0°C to 70°C 


TMS 4051 TMS 4051-1 
asia PMin Max | MIN Max [\" 


Pulse width, chip enable low 
Chip-enable rise time 


Chip-enable fall time 


Address hold time 
third) Read hold time 


tl The arrow indicates the edge of the chip-enab!e pulse used for reference: tfor the rising edge, )for the falling edge. 


read cycle switching characteristics over recommended supply voltage range, TA = 0°C to 70°C 


TMS 4051 TMS 4051-1 
PARAMETER UNIT 
Typt mMAx | TYPt MAX 
t3(CE) Access time from chip enable t 230 
flag) Asean From aaron 


Propagation delay time, low-to-high level output from chip enable? } 60 | 60 | ns | 


TAI typical values are at Ta= 25°C. 
tTest conditions: Cy = 50 pF, Ry = 2.2 k2 10 5.5 V, Load = 1 Series 74 TTL gate. 
*Test conditions: Cy =50pF, Ry = 2.2 k§2 to 5.5 V, Load = 1 Series 74 TTL gate, t#(CE) = 20 ns. 


write cycle timing requirements over recommended supply voltage range, TA = 0°C to 70°C 


TMS 4051 TMS 4051-1 
PARAMETER 


UNIT 
MIN MAX 


Write cycle time 


Pulse width, chip enable high 


Write pulse width 
Chip-enable rise time 


Chip-enable fall time 


tl The arrow indicates the edge of the chip-enable pulse used for reference: tfor the rising edge, for the falling edge. 
*1f R/W is low before CE goes low, then t/O (data in) must be valid when CE goes low. 


tThe write pulse must go low at least tsu(wr) Minimum before CE goes high. If R/W remains high more than tad(GEL-wr) Maximum (60 ns) 
after CE goes low, the data-in driver must be disabled until R/W goes low since additional power to overcome the output buffer may be 
required when writing in a high with some of the faster devices (see comments on Region 1 under read, modify write timing diagram). 
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read or refresh cycle timing 


te(rd) 
tw(CEL) -— tw(CEH) 
CHIP ENABLE, CE \ t#(CE) tr(GE} 
th (ad) 
tou (ad) 


wooness.no-an SOT RXR SERENE 


& tsu(rd) ; third) 


READ/WRITE, R/W XY Glee 
a(CE 


$$ taaa) 


DATA INPUT/OUTPUT, I/O 


§ DATA OUT VALID 


NOTE: For the chip-enable input, high and low timing points are 3.0 V (high) and 1.0 V (low). Other input timing points are 0.6 V (low) and 
2.2 V (high). Output timing points are 0.4 V (iow) and 2.4 V (high). 
For minimum cycle, tr(CE) and tf(CE) are equal to 20 ns. 


write cycle timing 


=A te(wr) = 
twiCEL) tw(CEH) 
t#(CE) tr(CE) 
CHIP ENABLE, CE 
th(ad) 
tsu (ad) | 


aponess.ao-at XX | Ow T eae KKK 


ta(CEL-wr)* 
tsu (wr) 


twiwr) 
@ ovens KORN OREN 


tsu (da-wr) 


th(da) 


RNY Gone 


NOTE: For the chip-enable input, high and low timing points are 3.0 V (high) and 1.0 V (low). Other timing points are 0.6 V (low) and 2.2 V 
(high). Output timing points are 0.4 V (low) and 2.4 V (high). 


*The write pulse must go low at least tey(wr) MINimum before CE goes high. 1f R/Wremains high mere than ta(CEL-wr) Maximum (60 ns) 
after CE goes low, the data-in driver must be disabled until R/W goes low since additional power to overcome the output buffer may be 


required when writing in a high with some of the faster devices. During ty(CEL-wr), R/W is permitted to change from high to low only. 


DATA INPUT/OUTPUT, I/O DON’T CARE 
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read, modify write cycle timing requirements over recommended supply voltage range, TA = 0°C to 70°C 


TMS 4051 TMS 4051-1 
PARAMETER 


MIN MAX | MIN MAX 
tc( RMW) Read, modify write cycle timet 730 


tw(GEH) Pulse width, chip enable hight 
tw(CEL) Pulse width, chip enable low 560 4000} 490 4000] ns 
itr) Waite pu wi 

W(GE)_Chiperoble alltime ee 


3 


3 


td(wr-daL) Write to data-in-low delay time 
tsu(ad) Address setup time 
tsuldaH) Data-in-high setup time 240t 2201 


tsu(rd) Read-pulse setup time 


tsu(wr) Write-pulse setup time 240t 220t 


th(ad) Address hold time 1801 
third) Read hold time 3201 


th(da) Data hold time 80t 


3 
n 


Cc 

a{/sla}]aj5 3 sas} 2 
a ala ajo, & 

+ 


-_ 
=) 
Ce 


nn wn 


wn 


jee) 

o 
> 

a” 


t!The arrow indicates the edge of the chip-enable pulse for reference: tfor the rising edge; ! for the falling edge. 
TTest conditions: tt(rd) = 20 ns. 


2) 


read, modify write cycle swithcing characteristics over recommended supply voltage range, Ta = 0°C to 70° 


TMS 4051 
MIN MAX 
280 


TMS 4051-1 
MIN MAX 


PARAMETER 


ta(CE) Access time from chip enable * 


ta(ad) Access time from addressest 


WwW 
j=) 
[o) 
N 
oO 
j=) 


N 
w 
oO 


*Test conditions: Cy = 50 pF, AR, = 2.2 k&2, Load = 1 Series 74 TTL gate. 
TT est conditions: CL = S50pF, Ry = 22 k2, Load = 1 Series 74 TTL gate. tt(CE) = 20 ns. 


read, modify write cycle timing 


TORMW 


CHIP ENABLE CE 


ADDRESS, AO Al} 


» ys DON'T CARE 


7 
/ Ke 
| 
iM a i 
| third) Vyutwes 
fl 


READ/WRITE, RW x 


su ird) 


laiCE) 
tdiwr dal) 


taiad} 


ame TTT ROO me TZ 


REGION 1 REGION 2 


REGION 1 in region 1 data out 1s valid until the | O REGION 2 - In region 2 a single transition 1s permitted 
terminal is forced high of low by the data tn Itts NOT a true “Don't Care” region 
driver A transition from law to high ts If a low 1s to be written st must be valid by 
persmissible but additional power to overcome the end of region 2 


the output buffer will be required A transition 
from high to tow 1s permitted without power 
penalty 


NOTE: For the chip enable input high and low timing points are 3.0 V (high) and 1.0 V (low). Other input timing points are 0.6 V (low) and 
2.2 V (high). Output timing points are 0.4 V (low) and 2.4 V (high). 
For minimum cycle, tr(c¢g) and t#(CE) are equal to 20 ns. 
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timing diagram conventions 


MEANING 
TIMING DIAGRAM INPUT OUTPUT 
SYMBOL FORCING FUNCTIONS RESPONSE FUNCTIONS 
Must be steady high or low Will be steady high or low 


Will be changing from high 


High-to-low changes . 
. to low sometime during 
permitted : ‘ 
designated interval 
; Will be changing from low 
Sa Low-to-high changes ; a : ; 
to high sometime during 


ermitted ’ 
: designated interval 


RI aN Don’t Care State unknown or changing 
a 
SK (Does not apply) Center line is high-impedance 


off-state 


TYPICAL WAVEFORMS 


ViH 
CHIP ENABLE 


VIL 


100 
Ipp (mA) 50 | 
© : 


Ipp (Standby) 


NN(CE) (HA) =O 


1; (mA) 0.3 
(AN inputs 
except CE) 0 


TIME (ns) 
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REFRESH TIME vs TEMPERATURE ACCESS TIMES vs TEMPERATURE 


TMS 4051-1 MAX ee 
= 


trefresh—Refresh Time—ms 


Vep=-5V 
VIL(CE) = 0.6 V 


0 10 20 30 40 50 60 70 0 10 20 30 8640 50 60 70 
Ta — Free-Air Temperature — a6 Ta — Free-Air Temperature — °C 
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1977 


e 16,384 X 1 Organization 
© 16-Pin 300-Mil Package Configuration Sida er ee ORE 
@ 10% Tolerance on all Supplies (TOP VIEW) 
e All Inputs Including Clocks TTL Compatible 
e Three-State Fully TTL-Compatible Output Ves 16 Vs 
@ One-Chip Latches for Addresses and Data Input = 
e 3 Performance Ranges: oS B. SOR 
ACCESS ACCESS READ RW 3 14 DO 
TIME TIME OR 
; ADDRESS ADDRESS CYSLE RAS 4 13, AG 
& (MAX) (MAX) (MIN) ae. ae 
TMS 4116-25 250 ns 165ns 410 ns 
TMS 4116-20 200ns 135ns 375 ns i «8 y 17 AA 
TMS 4116-15 150 ns 10C ns 375 ns Al 7 10 AS 
e Page-Mode Operation for Faster Access Time | 
@ Common I/O Capability NBO: 2 eee 9 Yee 
© Low Power Dissipation 
® 1-T Cell Design, N-Channel Silicon-Gate Technologie 
description 


The TMS 4116 JL series is composed of monolithic high-speed dynamic 16,384-bit MOS random-access memories, 
organized as 16,384 one-bit words, employing single-transistor storage cells and N-channel silicon-gate technology. 


All inputs and outputs are compatible with Series 74 TTL circuits including clocks: Row Address Strobe (RAS) and 
Column Address Strobe (CAS). All address lines (AO through A6) and data-in (DI) are latched on chip to simplify 
system design. Data out (DO) is unlatched to allow greater system flexibility. 


Typical power dissipation is less than 600 milliwatts active and 10 milliwatts during standby (Vcc is not required 
during standby operation). To retain data, only 18 milliwatts average power is required which includes the power 
consumed to refresh the contents of the memory. 


The TMS 4116 JL series is offered in a 16-pin dual-in-line package and is guaranteed for operation from O°C to 70°C. 
Packages are designed for insertion in mounting-hole rows on 300-mil centers. 


e... 


address (AO through A6) 


Fourteen address bits are required to decode 1 of 16,384 storage cell locations. Seven row-address bits are set up on 
pins AO through A6 and latched onto the chip by the row-address strobe (RAS). Then the seven column-address bits are 
set up on pins AO through A6 and tatched onto the chip by the column-address strobe (CAS). All addresses must be 
stable on or before the falling edges of RAS and CAS. RAS is similar to a chip enable in that it activates the sense 
amplifiers as well as the row decoder. CAS is used as a chip select activating the column decoder and the input and 


output buffers. 


tThe term “read-write cycle” is sometimes used as an alternative title to “read-modify-write cycle”. 
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a aa NN I A ND IO IE ET EI I IS ITE TT NT aN AE ET ED 


mode select (R/W) 


The read or write mode is selected through the read/write (R/W) input. A logic high on the R/W input selects the read 
mode and a logic low selects the write mode. The read/write terminal can be driven from standard TTL circuits without 
a pull-up resistor. The data input is disabled when the read mode is selected. When R/W goes low prior to CAS, data-out 
will remain in the high-impedance state for the entire cycle permitting common I/O operation. 


data-in (Dt!) 


Data is written during a write or read-modify write cycle. The latter falling edge of CAS or R/W strobes data into the 
on-chip data latch. This latch can be driven from standard TTL circuits without a pull-up resistor. In an early w 
cycle R/W is brought low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to 
signal. In a delayed write or read-modify write cycle, CAS will already be low, thus the data will be strobed in by R/W 
with setup and hold times referenced to this signal. zi 


data-out (DO) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan-out of two 
Series 74 TTL loads. Data-out is the same polarity as data-in. The output is in the high-impedance (floating) state until 
CAS is brought low. In a read cycle the output goes active after the enable time interval that begins with the negative 
transition of CAS. The output becomes valid after the access time has elapsed and remains valid while CAS is low 
before CAS going high returns it to a high-impedance state. In an early write cycle the output is always in the 
high-impedance state. In a delayed write or read-modify write cycle the output will follow the sequence for the read 
cycle. 


refresh 


A refresh operation must be performed at jeast every two milliseconds to retain data. Since the output buffer is in the 
high-impedance state unless CAS is applied, the RAS only refresh sequence avoids any output during refresh. Strobing 
each of the 128 row addresses (AO through A6) with RAS causes all bits in each row to be refreshed. CAS remains high 
(inactive) for this refresh sequence, thus conserving power. 


page mode 


Page mode operation allows effectively faster memory access by keeping the same row address and strobing successive 
column addresses onto the chip. Thus, the time required to setup and strobe the row addresses is eliminated. To extend - 
beyond the 128 column locations on a single RAM, apply the row address and RAS to multiple 16K RAMs, then 


decode CAS to select the proper RAM. 
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OCTOBER 1976 


© 16,384 X 1 Organization is pin CERAMIC 
® 16-Pin 300-Mil Package Configuration DUAL-IN-LINE PACKAGE 
e All Inputs Including Clocks TTL Compatible (TOP VIEW) 
e Three-State Fully TTL-Compatible Output 
© On-Chip Latches for Addresses and Data Input Vest 16 -Vss 
@ 3 Performance Ranges: DI 2 15 CAS 
ACCESS ACCESS READ READ- a 
TIME TIME OR MODIFY Rw 3 14 00 


ROW COLUMN WRITE writet 
ADDRESS ADDRESS CYCLE CYCLE RAS 4 13. AG 


® (MAX) (MAX) (MIN) (MIN) AO 5 12 A3 


TMS 4070 350 ns 255 ns 500ns 730 ns A2 6 a cae 

TMS 4070-1 300 ns 210 ns 450ns  660ns 

TMS 4070-2 250 ns 165 ns 400ns 590ns Al 7 10 AS 
@ Page-Mode Operation for Faster Access Time Vpp 8 9 Voc 


e Common I/O Capability 
e Low-Power Dissipation 
— Less than 600 mW Operating (Typical) 


— 10 mW Standby (Typical) 
e 1-T Cell Design, N-Channel Silicon-Gate Technology 


description 


The TMS 4070 JL series is composed of monolithic high-speed dynamic 16,384-bit MOS random-access memories, 
organized as 16,384 one-bit words, employing single-transistor storage cells and N-channel silicon-gate technology. 


All inputs and outputs are compatible with Series 74 TTL circuits including clocks: Row Address Strobe (RAS) and 
Column Address Strobe (CAS). All address lines (AQ through A6) and data-in (DI) are latched on chip to simplify 
system design. Data out (DO) is unlatched to allow greater system flexibility. 


Typical power dissipation is less than 600 milliwatts active and 10 milliwatts during standby (Vcc is not required 
during standby operation). To retain data, only 18 milliwatts average power is required which includes the power 
consumed to refresh the contents of the memory. 


The TMS 4070 JL series is offered in a 16-pin dual-in-line package and is guaranteed for operation from O°C to 70°C. 
Packages are designed for insertion in mounting-hole rows on 300-mil centers. 


eration 


address (AO through A6) 


Fourteen address bits are required to decode 1 of 16,384 storage cell locations. Seven row-address bits are set up on 
pins AO through A6 and latched onto the chip by the row-address strobe (RAS). Then the seven column-address bits are 
set up on pins AO through A6 and tatched onto the chip by the column-address strobe (CAS). All addresses must be 
stable on or before the falling edges of RAS and CAS. RAS is similar to a chip enable in that it activates the sense 
amplifiers as well as the row decoder. CAS is used as a chip select activating the column decoder and-the input and 
output buffers. 


TThe term “read-write cycle” is sometimes used as an alternative title to “read-modify-write cycle”. 
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TMS 4070 JL, TMS 4070-1 JL, TMS 4070-2 JL 
16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY 


mode select (R/W) 


The read or write mode is selected through the read/write (R/W) input. A logic high on the R/W input selects the read 
mode and a logic !ow selects the write mode. The read/write terminal can be driven from standard TTL circuits without 
a pull-up resistor. The data input is disabled when the read mode is selected. When R/W goes low prior to CAS, data-out 
will remain in the high-impedance state for the entire cycle permitting common I/O operation. 


data-in (D1) 
on-chip data latch. This latch can be driven from standard TTL circuits without a pull-up resistor. In an early wri 


cycle R/W is brought low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to this 
signal. In a delayed write or read-modify write cycle, CAS will already be low, thus the data will be strobed in by R/W 


Data is written during a write or read-modify write cycle. The latter falling edge of CAS or R/W strobes data into @ 


with setup and hold times referenced to this signal. 
data-out (DO) 


The three state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan-out of two 
Series 74 TTL loads. Data-out is the same polarity as data-in. The output is in the high-impedance (floating) state until 
CAS is brought low. In a read cycie the output goes active after the enable time interval that begins with the negative 
transition of CAS. The output becomes valid after the access time has elapsed and remains valid while CAS is low 
before CAS going high returns it to a high-impedance state. In an early write cycle the output is always in the 
high-impedance state. In a delayed write or read-modify write cycle the output will follow the sequence for the read 
cycle. 


refresh 


A refresh operation must be performed at least every two milliseconds to retain data. Since the output buffer ts in the 
high-impedance state unless CAS is applied, the RAS only refresh sequence avoids any output during refresh. Strobing 
each of the 128 row addresses (AO through A6) with RAS causes all bits in each row to be refreshed. CAS remains high 
(inactive) for this refresh sequence, thus conserving power. 


Page mode 


Page mode operation allows effectively faster memory access by keeping the same row address and strobing successive 
column addresses onio the chip. Thus, the time required to setup and strobe the row addresses is eliminated. To extend 
beyond the 128 column locations on a single RAM, apply the row address and RAS to multiple 16K RAMs, then 


decode CAS to select the proper RAM. @ 
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TTL INTEGRATED CIRCUITS MECHANICAL DATA 


N plastic dual-in-line packages 


These dual-in-line packages consist of a circuit mounted on a 14-, 16-, 20-, or 28-lead frame and encapsulated within an 
electrically nonconductive plastic compound. The compound will withstand soldering temperature with no deforma- 
tion and circuit performance characteristics remain stable when operated in high-humidity conditions. The packages are 
intended for insertion in mounting hole rows on 0.300 (7,62) or 0.600 (15,24) centers. Once the leads are compressed 
and inserted, sufficient tension is provided to secure the package in the board during soldering. Leads require no addi- 
tional cleaning or processing when used in soldered assembly. 


16-PIN N PLASTIC 


~~ 0.870 (22,1) MAX 


@QOHOOOO| 


0.300 : 0.010 0.093 (2,36) R NOM - 


(7,62 + 0,26) 
0.160 (4,06) NOM - - 

0.250 + 0.010 It 

(6,35 * 0,26) 

0,080 (2,03) NOM 7 QW OOOO® 

al 0.070 (1,77) MAX 16 PLACES 
: FE 0.020 (0,51) 
0.010 (0,25) NOM MIN 


0.200 (5,08) MAX 
ce, oe 


—— SEATING PLANE 


105 


0.033 (0,83) MIN 
16 PLACES 
16 Places Il 0.011 + 0.003 


>| ee 0.018 + 0.003 
(0,279 + 0,076) 0.125 (3,17) MIN - ee 
16 PLACES sa | : 
(See Notes c and d) 0.095 (2.41) 16 PLACES 


0.015 (0.38) PIN SPACING 0.100 (2,54) Tp, (See Notes c and di 
aos (See Note b) 


ALTERNATE SIDE VIEW 
Package configuration of 


NG BIN path oneisee —>| }e-0.070 (1,77) MAX 16 PLACES 
alternative sideviews) is 0: ae ! 
at the option of TI. 0.200 (5,08) MAX ] 
>| 0.033 (0,83) MIN 
+12 PLACES 
0.125 (3.17) MIN -o| hue 0.018 +0.003 
(0.457 » 0,076) 
0.095 (2,41) 16 PLACES 
0.015 (0,38) PIN SPACING 0.100 (2,54) T.P. (See Notes c and d) 
ALOE (See Note b) 


20-PIN N PLASTIC 


1.070 (27,18) MAX 


®QAOOOOOO OOO 


0.093 (2,36) R NOM 
0.300 + 0.010 
(7,62 + 0,26) 0.160 (4,06) NOM 


(6.35 026) ODOOOOOOO® 


O.080;(0 203) 50" eee eae fe 0.070 (1.77) MAX 20 PLACES 


0.020 (0, ~ F 0.020 10.51) 
¢.200 (5,08) MAX = MIN 


—- SEATING PLANE a ame I 


0.010 (0,25) NOM 


0.033 (0,82) MIN 


20 PLACES 
\e 0.011 + 0.003 0.155 (3,94) ~| fa— 0.018 « 0.003 
(0,279 - 0,076) 0.125 (3,17) (0,457 + 0.076) 
(See Notes (See Notss 
c and d) 
ee? 0.075 (1,91)—-o z PiN SPACING 0.100 (2,54) T.P. 
MAX (See Note b) 
4 PLACES 
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TTL INTEGRATED CIRCUITS MECHANICAL DATA 


N plastic dual-in-line packages (continued) 


24-PIN N PLASTIC 


~ 1.310 (33,3) MAX 


@ODOHOOD®DOOOS® 
ER INRA Pk 


0.093 (2.36) R NOM . ) 


| 
€ 0 110 (2,79) NOM #*= & 


‘ 0.600 - 0.010 


os A VATATAVAVATAYACATATI 
oe GIOIOIOICICIOIOIONOLO) 


NOM 
0.080 (2,03) NOM | 


a 


(2) 


t* 0.070 (1,77) MAX 24 PLACES 


rie 010 (0,25) NOM 
a 


t ; 0.200 (5.08) MAX 
SEATING PLANE —y- -—— > 
105° 0.020 (0,51) MIN 
“90° 24 PLACES 
| ai, 
0 033 (0.83) MIN have Hasan 


0011-0003 -***" 
{0.279 - 0.076) 24 PLACES 
24 PLACES 
24 PLACES 0018 9003 =~ 0.095 12.42)}MAX = 7 
(See Notes c and d) 10,457 0.076) oe ol 4 PLACES 
24 PLACES PIN SPACING 0 100 (2,54) T P 
{See Notes c and d) (See Note b} 


28-PIN N PLASTIC 


1 
pS EEE Ase 1 440 (36.6) MAX ~~~ - 
= 
(78) +-- Ee at Sa Nee, Bec iag a aths gie Se 
‘ 


EITHER 
INDE X 


__ 0600 - 0.010 
(15,24 + 0.26) 


0 020 (0.50) 


W—- - SEATING PLANE -— ; /\ 
: 1 oe | 0.125 (3.17) MIN 
0.011 + 0003 UU u +. 
\ (0.28 0.08) 0018 ° 0003 ol le et — 0 033 (0.83) MIN 
i een Oe 0.050 - 0.020 


PIN SPACING 0.100 (2,54) T P 
{See Note b) (1,.27° 0.51 
0 060 (152) NOM 


All dimensions are shown in inches (and parenthetically in millimeters for reference only). Inch dimensions govern. 
Each pin centerline is tocated within 0.010 (0,26) of its true longitudinal position. 


This dimension does not apply for soider dipped teads. 
When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0.020 (0,50) above the 


NOTES: 


aoc 


seating piane. 
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MOS LSI MECHANICAL DATA 


general 


Electrical characteristics presented tn this catalog, unless otherwise noted, apply for circuit type(s) listed in the page 
heading, regardless of package. Factory orders for circuits described should include the complete part-type numbers 
listed on each page. 


MOS NUMBERING SYSTEM 
EXAMPLE: TM S 4030 N L 


J.T! MOS Prefix 4. Package 5. Temperature Range 


F Flat C -25°C to 85 C 
J Ceramic dual-in-line L OCte 70'C 
S Standard devices N Plastic dual-in-line -M —55°C to 125°C 
& x Prototype or experimental L Metal can R —55°C to 85 C 
e Custom design U Unencapsulated S Special range 
‘T High reliability (beam lead, etc.) 


3 


: Unique Product Identification Number 


manufacturing information 
Alloying is performed tn an inert atmosphere. A silicon gold eutectic is formed during the alloying operation. 


Thermal compression bonding is used. Typical bond strength is 5 grams. Bond strength is monitored on a lot-to-lot 
basis. Any bond strength of less than 2 grams causes rejection of the entire lot of devices. 


Tl uses a low-temperature alloy brazing to seal ceramic packages. Metal-can packages are welded. Glass leaks are 
eliminated by testing in a fluorocarbon solution heated to 150°C. Fine-leak elimination is performed through mass 
spectrometer techniques. All MOS LSI devices produced by T! are capable of withstanding 5 x 10-7 ppm fine-leak 
inspection, and may be screened to 5 x (0-8 ppm fine leak, if desired by the customer, for special applications. 


All packages are capable of withstanding a shock of 3,000G. AI! packages are capable of passing a 20,000-G 
acceleration (centrifuge) test in the Y axis. Pin strength is measured by a pin-shearing test. All pins are able to withstand 
the application of a force of 6 pounds at 45. in the peel-off direction. 


dual-in-line packages 
A pin-to-pin spacing of 100 mils has been selected for al! dual-in-line packages. 


TI uses several hermetically sealed ceramic dual-in-line packages, each of which consist of a ceramic base, plated metal 
cap, and tin-plated leads. 


@ following dual-in-line packages are available in plastic or ceramic: 


8 10 16 18 22 24 28 40 
PIN PIN PIN PIN PIN PIN PIN PIN 


300 mils between rows xt xt Xx Xx 
400 mils between rows xX xt 
600 mils between rows x x x 


' There are no products shown in this data book in the 8 pin ceramic package or the ceramic or plastic 10-pin or 24 pin, 400 mil package. 
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MOS LSI MECHANICAL DATA 


16-PIN CERAMIC DUAL-IN-LINE PACKAGE 


o 


0.840 MAX 


0.020 


MIN Se aren 
iaiae =a 
SEATING 
PLANE 
0.150 + 0.030 
OTP 


0.010 NOM cals PIN SPACING 0.10 0.032 NOM _ 0.018 + 0.003 


(See Note A) 
0.050 + 0.010 0.050 + 0.020 


18-PIN CERAMIC DUAL-IN-LINE PACKAGE 


0.910 MAX 


0.185 MAX 


_ SEATING 
prAneS 4 0.150 + 0.030 


0.010 Nom -fl-— ee eae 


PIN SPACING 0.100 TP 


Note A 
(See Note A) 0.050 + 0.010 


NOTES: A. Each pin centerline is located within 0.010 of its true longitudinal 
' position. 
B. All linear dimensions are in inches. 
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MOS LSI MECHANICAL DATA 


22-PIN CERAMIC DUAL-IN-LINE PACKAGE 


1.100 MAX 


0.185 MAX 
_ SEATING 


PLANE 
0.150 + 0.030 


0.018 0.032 NOM 
0.050 + 0.020 


+0.003 
PIN SPACING 0.100 TP 0.050 + 0.010 
(See Note A) 


0.185 MAX 
_ SEATING 


Bas 
Peete | || 0.150 + 0.030 


0.010 NOM 0.050 + 0.020 


PIN SPACING 0.100 TP 


(See Note A) 0.050 + 0.010 


NOTES: A. Each pin centerline is located within 0.010 of its true fongitudinai 
position. ‘ 
B. All linear dimensions are in inches. 
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MOS LS! MECHANICAL DATA 


8-PIN PLASTIC DUAL-IN-LINE PACKAGE 


0.390 MAX 
Oe) 
[| is 


EITHER OR BOTH 
INDEXES 


0.033 MIN 
0.045 + 0.015 


PIN SPACING 0.100 TP 
(See Note A) 


16-PIN PLASTIC DUAL-IN-LINE PACKAGE 


0.870 MAX 


EITHER OR 
BOTH 
INDEXES 


0.033 MIN 


= 7 B:008 0.018 + 0.003 + k- 


PIN SPACING 0.100 7P 
(See Note A) 


0.075 + 0.020 
0.060 NOM 


7 re eer ee 
ei | vy yy i opie 
—— SEATING PLANE ——— H ll 0.125 MIN 
ii ; | co 


NOTES: A. Each pin centerline is located within 0.010 of its true longitudinal 
position. 
B. Ali linear dimensions are in inches. 
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MOS LS! MECHANICAL DATA 


18-PIN PLASTIC DUAL-IN-LINE PACKAGE 


0.920 MAX 


EITHER OR BOTH 
INDEXES 


0.020 MIN 


| 0.200 MAX 


—— SEATING PLANE pees aes == 

0.125 MIN 

ae 0.011 - 0.003 ‘aie ase on . 7 0.033 MIN 
0.050 : 0.020 


PIN SPACING 0.100 TP 


(See Note A} 0.060 NOM 


22-PIN PLASTIC DUAL-IN-LINE PACKAGE 


1.100 MAX 


@) 


EITHER 
INDEX 


0.020 MIN 


SEATING PLANE = 
—o|\e— 0.011 + 0.003 oore> 0.003 >| le kT : 


PIN SPACING 0.100 TP 
(See Note A) 


0.200 MAX 


0.125 MIN 


0.033 MIN 


0.050 + 0.020 


0.060 NOM 


JOTES: A. Each pin centerline is located within 0.010 of its true longitudinal 
position. 
B. All linear dimensions are in inches. 
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MOS LS! MECHANICAL DATA 


24-PIN PLASTIC DUAL-IN-LINE PACKAGE 


EITHER 
INDEX 


SEATING PLANE ay Tad 


i + 0.003 0.018 + 0.003 —>4 fe- ao 


PIN SPACING 0.100 TP 
(See Note A) 


0.125 MIN 


28-PIN PLASTIC DUAL-IN-LINE PACKAGE 


EITHER 
INDEX 


0.600 +0.010 


0.020 MIN 


—— SEATING PLANE i 
; 0.011 + 0.003 0.018__»| le 
+ 0.003 


PIN SPACING 0.100 TP 
(See Note A) 


NOTES: A. Each pin centerline is located within 0.010 of its true longitudinal 
position. 
B. All tinear dimensions are in inches. 
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MOS LSI MECHANICAL DATA 


40-PIN PLASTIC DUAL-IN-LINE PACKAGE 


Te Te 
en lee Fd ia 


0.075 + 0.020 
PIN SPACING 0.100 TP 
(See Note A) 


NOTES: A. Each pin centerline is located within 0.010 of its true longitudinal 
position. 
B. Alt finear dimensions are in inches. 


metal-can 


For devices such as shift registers requiring few inputs and outputs, Tl uses two metal-can packages. 


8-PIN METAL CAN 10-PIN METAL CAN 


0 160 MAX DIA 


Co 2335 9 200 1 
ola 

3 

SS 


lege 0500 MIN 


ALL DIMENSIONS ARE IN INCHES 
UNLESS OTHERWISE SPECIFIED 


Same as JEDEC TO-99 and 
MO-O02AK except for 
diameter of standoff 


ALL DIMENSIONS ARE IN INCHES 
UNLESS OTHERWISE SPECIFIED 


Same as JEDEC TO-100 and 
MO-OO6AD except for 
diameter of standoff 
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‘V1 cannot assume any responsibility for any circuits shown or represent that they are 
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